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IN THIS ISSUE 


Ir has been suggested by our readers that the 
value of this journal would be enhanced by the 
inclusion of an editorial article in each issue. In 
a journal which is essentially a digest of current 
technical literature, the selection of articles to be 
translated and abstracted is, in itself, an expres- 
sion of editorial opinion, but it is hoped that 
short comments and discussions of particularly 
interesting articles may help our readers to look be- 

immediate facts and figures and see the results 
of scientific research, the value of a new machine, 
and the importance of new processes in the true 
perspective of technical development. With this 
objective in mind and commencing with this issue, 
each month’s principal articles will be introduced 
by an editorial review, presenting additional 
information, whenever possible, gleaned from the 
large number of technical and scientific publica- 
tions which reach us day by day. We hope our 
readers will appreciate the arduous nature of the 
task we have set ourselves, and ask for their 
indulgence in case some of the opinions expressed 
here differ somewhat from the views held by 
specialists in any particular field. 


* * * 


One of the latest developments of electrical 
technology in the field of ultra-high voltages is 
the Ray Transformer which is the subject of an 
article the first instalment of which is included in 
this issue. Its author, R. Widerée, is one of the 
pioneers in the development of the Ray Trans- 
former or “‘ Betatron ” as it is usually referred to 
in the United States and in Great Britain. In 
the author’s opinion, however, this designation 
should be reserved for ray transformers in which 
beta rays, or electrons, are led out into the open. 
The principle of this new apparatus was first 
investigated in 1922, and since then a considerable 
amount of development work has been done by 
a number of scientific workers as evidenced by 
the bibliography to be given with the final instal- 
ment of the article. 

The ray transformer makes it possible, with 
a comparatively small amount of technical equip- 
ment, to impart to the electrons kinetic energies 
corresponding to potentials of several hundred 
million volts. Obviously such high voltages 
cannot be easily generated in the laboratory in 
the form of potentials due to electrostatic fields 
although the electrical potential between storm 
clouds and the earth can reach values of some 
hundred megavolts); in practice such high 
voltages can only be obtained and utilized in the 
form of kinetic energy of rapidly moving ions. 

The cyclotron which accelerates rapidly 
moving ions, protons, deuterons, alpha particles, 
ttc. up to potentials of many million volts is the 
best known example of an apparatus of this type 
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for the generation of high “ kinetic” voltages. 
Unlike the cyclotron, the ray transformer is 
particularly adapted to accelerate electrons, which 
generate hard gamma rays after impinging upon 
an anticathode. The most important application 
for the ray transformer, therefore, is the generation 
of hard gamma (or beta) rays for the treatment of 
cancer, for the examination of metals, etc. The 
penetrating power of these rays is much greater 
than that of the usual X-rays, or the gamma 
rays of radium, and their scattering is much less. 
In nuclear physics the ray transformer will play 
an important part in the study of photo-electric 
effects ; with large size transformers of about 
150-250 million volts, it will be possible to 
generate mesons and perhaps other new particles. 
It is difficult, at present, to appreciate fully the 
various possible applications whick may be found 
for the ray transformer. 

During the war, Widerée worked with the 
Megavolt Forschungsvereinigung, at Wrist, near 
Hamburg, Germany, and built a 15 million volt 
induction accelerator operating on 50 cycles, 
which had a gamma radiation output approxi- 
mately equivalent to that of one kilogram of 
radium. Work on a 200 Mv accelerator, weighing 
30 tons, with an average electron beam current of 
one milliampere was started in 1942 in co-opera- 
tion with the Brown Boveri Co. at Heidelberg, 
and detailed constructional drawings of this 
machine were apparently completed. Widerée 
is now working with the Brown Boveri Co. in 
Baden, Switzerland. 

*x * * 


Gas Turbines, particularly those for industrial 
uses, have now passed from the crude experimental 
stage and the limelight of novelty to the less 
popular but nevertheless equally important field 
of routine engineering development and detail 
work. Whereas the aircraft gas turbine, in its 
present state of development and application, 
offers no true basis for a purely economical com- 
parison with other aircraft prime movers, the 
stationary gas turbine is beginning to compete 
effectively with conventional steam turbine plant 
with respect to capital cost per horse-power de- 
veloped, maintenance, and reliability. A similar 
trend can be observed from recent developments 
in gas turbine marine installations. In this 
connection, it may be of interest to mention a 
paper by F. Miinziger, published in the German 
journal “ Stahl und Eisen” in March, 1948, in 
which the rival claims of steam and gas turbines 
are discussed in detail. In his conclusions, the 
author expresses the view that, for large powers, 
the steam turbine will hold the field unchallenged, 
whilst for smaller or medium powers, he expects 
the gas or air turbine to become a more economical 
proposition. 

In view of the great and general interest 
centred on this comparatively new type of power 
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generating plant we thought our readers would 
like to see a detailed description of the Oerlikon 
stationary gas turbine (see page 223) which has 
now been running successfully for some time. 
It is difficult to evaluate the merits of a design by 
considering component parts by themselves ; yet 
considering the whole lay-out we believe that this 
is extremely neat in its general conception. A 
striking feature is the employment of a three- 
stage centrifugal compressor in preference to the 
axial flow type, and this appears to be in line with 
the British trend of thought so successfully de- 
veloped in the Whittle engine. Great interest 
also attaches to the arrangement of the inter- 
coolers which are grouped around the com- 
pressor and to the way in which conversion of 
kinetic into pressure energy is effected, after each 
stage, in four parallel-working, instead of one 
single diffuser. The high efficiencies obtained 
are mainly due to numerous small improvements 
relating to fluid flow such as, for example, the 
incorporation of special guide vanes in the heat 
exchanger and the type of blading employed in 
the high-pressure turbine, as well as the meticu- 
lous care which has apparently been taken to 
evolve the most efficient compressor casing. The 
test plant described contains all the component 
parts necessary for an open cycle gas turbine plant 
of high power output, with the exception of an 
intermediate combustion chamber between high 
and low pressure turbines which will be included 
in the final design. 
* * * 

The article by A. F. Gogin on torsional vibra- 
tion stresses is an interesting contribution not 
only because it shows the extent to which Russian 
engineers are abreast with developments in this 
field, but also because of the suggestions con- 
tained in it regarding maximum permissible vibra- 
tion stresses and their determination. Whether 
the formulae and methods outlined in this article 
will yield the desired results is, of course, a ques- 
tion requiring further investigation. 

* * * 

Following the publication of a Classified 
Abstract “‘ Transductors, their Working Principle 
and their Applicabilities” in our June issue, 
1946, we received a great number of enquiries 
and requests for photostat copies of the original 
text, thus showing the great interest engineers 
are taking in this development. The increasing 
use in recent years of the transductor, or direct 
current pre-saturated reactor as it was formerly 
called, is due mainly to its excellent properties as 
an amplifier, particularly when used in connection 
with automatic regulators. The Transductor 
Amplifier is especially suitable within the output 
range of 1 to 1,000 watts, and its chief advantages 
are that there are no mechanical parts subject 
to wear, no mass intertia, and that regular atten- 
tion is not required. 
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The article commencing on the opposite page 
and to be concluded in our August issue, deak 
in detail with the circuit design of the measuring 
system as well as with the amplifier which, to. 
gether, constitute the Transductor Regulator, 

x * * 

A transformer 40 cm long and 15 cm in dig. 
meter, capable of supplying 8000 volts, is de. 
scribed in G. de Fassi’s article “ High Vol 
Resonance Transformers.” A detailed calcul. 
tion for this type of transformer is given together 
with experimental results obtained from research § 
work carried out at the Electrotechnicai Institut 
of the University of Triest. Further research ip 
this field will probably be undertaken at th 
University of Padua to develop this apparatus for 
use as an inexpensive high voltage supply fo 
impulse generators, X-ray equipment, and in- 
duction accelerators. 

* * * 


The new feature “ DESIGN AND WorkKSHop” 
announced in our June issue and published this 
month for the first time will deal with the more 
practical aspects of engineering. We hope that 
Works Managers and Production Engineers, 
Designers and Draughtsmen, and all those con- 
cerned with workshop problems, will come to 
regard it as a source of useful information and 
as a stimulus for their own ideas. 

* * * 

“* NEW MATERIALS, PROCESSES AND EQUIPMENT” 
is another new feature which will be published re- 
gularly in the pages of this journal. New products 
of both British and foreign origin will be described 
in concise form and illustrated wherever possible. 
We believe that British engineers can profit not 
only by keeping up to date with developments 
at home, but also by being regularly informed of 
new designs, machines and tools produced in 
foreign countries. Particularly new components 
and materials developed in the United States 
should receive the interested attention of British 
industry, and special arrangements have therefore 
been made with our American Office to supply 
us, regularly, with descriptive and _ illustrative 
matter on technical achievements in the United 
States. 

It is hoped that our readers will co-operate 
in making the new features of our Journal of the 
greatest practical value. 

x * * 

The Machine Tool Trades Association (Inc.) 
under the able and energeiic direction of the 
Secretary, Mr. W. J. Morgan, has organised the 
Machine Tool & Engineering Exhibition to be 
held at Olympia, in London, from the 26th 
August to the 11th September. 

This Exhibition, the first to be held since the 
Machine Tool Exhibition in 1934, will illustrate 
the ingenuity and progressive spirit of British 

(Concluded on page 244) 
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The Design of Transductor Circuits 


(From ASEA Fournal, Vol. 21, No. 1-2, January-February, 1948, pp. 3-20, 40 illustrations. 


To construct a transductor regulator, it is necessary to 
loy a static measuring system which registers the 
deviations of the regulated quantities from the desired 
value and which translates this deviation into a d.c. 
current which in turn controls the transductor amplifier. 
The method used for designing such static measuring 
systems, which incorporate non-linear impedances, was 
evolved simultaneously with the transductor amplifier 
, and the measuring system and the transductor 

are therefore often so closely connected that it is difficult 


F clearly to distinguish between the two. 


MEASURING SYSTEM 
General. 

The function of the measuring system is to register 
the amount by which the regulated quantity deviates 
from a standard value, that is to say, to create a standard 
quantity with which the controlled quantity may be 
compared. In the case of electro-mechanical regulators 


this problem is comparatively simple owing to the- 


possibility of using constant quantities such as gravity 
or spring loading to supply the datum quantity. With 
the of regulator dealt with in this article it is only 
vosible to use electrical quantities and characteristics. 

Assuming that the controlled quantity is a voltage, 
the simplest method of obtaining a datum quantity for 
direct current would be to use a galvanic element; a 
measuring system based on this type of constant voltage 
source would be very simple. Another method would 
be to derive a constant voltage or current from a source 
which itself need not be constant. Both these methods, 
however, are of little practical value. The method 
generally employed is based on the use of the deviation 
obtained by comparing the quantity to be measured 
with a varying datum quantity (Fig. 1). From the 
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Fig. 1. Two circuits, one with linear, the other with non- 
linear characteristic, energized by a regulated voltage. 
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Fig. 2. Galvanic comparison. 


regulated voltage a pair of currents or voltages is 
detived, one of which does not vary in proportion with 
the regulated quantity. A differential datum quantity 
is Obtained from the current or voltage pair, which 
may be zero for the normal value and which changes 
i magnitude and direction if the regulated voltage 
deviates from this value. 

For the next stage in the control system in which 
the differential datum is employed to control a trans- 


JULY, 1948 Volume 9, No. 7 


ductor, there are two alternative circuits : 

(a) Galvanic comparison: The deviation is evolved 
in a bridge circuit (Fig. 2) outside the transductor. 
The diagram shows a comparison between two currents, 
a method which is often preferable to a comparison 
of voltages. The main advantage of this method is 
the small space required, its main disadvantage however, 
is its considerable power consumption. 
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Fig. 3. Magnetic comparison. 


(b) Magnetic comparison: The deviation is evolved 
inside the transductor in the form of resultant ampere- 
turns (Fig. 3). This method consumes very little power, 
but its space requirements are considerable. An 
advantage over the galvanic method is the possibility 
to obtain considerably greater accuracy of regulation 
for a given power consumption. 


Non-linear Impedances. 

There are several types of non-linear impedances 
such as saturated reactors, transductors, non-linear 
resistances of the ceramic type, and filament lamps. 
Of these devices the transductors are the least known 
for this application. A self-excited transductor has 
a current-voltage characteristic similar to that of a 
saturated reactor, with the difference that the slope of 
the transductor curve within the saturation range may 
be varied by the magnitude of the self-excitation 
(Fig. 4). The advantages are pronounced voltage sen- 
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Fig. 4. Current-voltage characteristics of a self-excited 
transductor. 
s = degree of self-excitation. 





sitivity which is also adjustable, less current distortion 
than in the case of a saturated reactor of the same 
degree of sensitivity, and the possibility of feeding 
back the differential quantity thereby using it for the 
excitation of the transductor. The shortcomings are 
the considerable power consumption and the poor 
utilization of the transductor owing to flattening of 
the curve at a relatively low saturation value. Trans- 
e 
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Load J 
Fig. 5. Transductor used in an a.c. measuring system. 
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ductors may also be used in current measuring circuits, 
such as shown in Fig. 5. in which case the self-excitation 
is zero or very si ; 

Measuring Systems used for A.C. and D.C. 

The characteristics of the various constituent 
elements make the different measuring systems suitable 
for different types of current, and only those circuits 
which include non-linear resistances may be used for 
d.c. as well as for a.c. 

The output from the measuring system is usually 
a direct current to the control circuit in the regulator, 
and it would therefore appear that when measuring an 
alternating quantity, this should be rectified beforehand 
to allow the use of a direct current measuring system. 
However, this method is less suitable for reasons con- 
nected with the use of rectifiers in a circuit carrying 
the entire controlled quantity. 

Special Measuring Systems. 

In the circuits described so far, the comparison has 
been based on d.c. quantities. However, this is also 
possible by employing a.c. quantities (Fig. 6). 









































Load 5 ‘contro! current 
during phese change 


Fig. 6. A.C, voltage regulating system. 


Sources of Error in the Measuring System. 

As the measuring systems are built up of two 
mutually balanced circuits in which the deviation from 
the equilibrium condition controls a transductor, dis- 
turbance factors (change of temperature, frequency, 
etc.) are those which cause a change in the impedance 
of one of the constituent elements, and the problem 
is therefore to dimension the two circuits so that the 
absolute change in the total impedance will be small 
and such that the relative change will be equal in the 
two circuits. An example is given by the circuit shown 
in Fig. 6 in which the non-linear impedance Z, consists 
of a saturated reactor, whose variation with frequency 
is compensated by the linear impedance Z, (air-gap 
reactor in series with a capacitor) which is so dimen- 
sioned that the relation between the two circuit im- 
pedances is independent of frequency. Other circuits 
have been designed which eliminate sensitivity to 
voltage fluctuations, change of temperature, etc. 

As the transductor is actually sensitive to all dis- 
turbance factors, it is often possible to compensate the 
measuring system as a whole by over- or under- 
compensating in the measuring circuits. 


TRANSDUCTOR AMPLIFIER SYSTEMS. 
General. 

In common with other electrical amplifiers the trans- 
ductor has three different properties which must be 
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present in a greater or less degree, according to tht 
application for which the transductor is : tended 
namely, good power amplification, linearity o7 ampli. 
fication, and minimum time lag. 

By employing suitable dimensions it is pcssible yf: 
accentuate one or two of these properties, although this F 
can be done only at the expense of one of the other tyo, 
The linear amplification is usually less important jy 
automatic regulation, whereas high amplification 
desirable, and usually also quick response. The varioy; 
methods for achieving automatic regulation with appro. 
priate characteristics is described below. 

Feed-back is used in all amplifiers as a means tp 
improve the amplification at the expense of the linea 
characteristic. In a transductor the feed-back, or the 
self-excitation as it is called here, may be obtained very 
simply and the self-excited transductor is capable of 
amplification factors many times those obtainable with, 
for instance, d.c. machines operating at reasonabl 
speeds. 

The principle underlying self-excitation is that the 
output current, or part thereof, is used to amplify the 
effect of the control current, thereby reducing the power 
required by the control winding. It is here usual to 
differentiate between normal self-excitation and simpi- 
fied self-excitation. Figs. 7a and 7b show a trans 
ductor without and with self-excitation, respectively, 
The output current is rectified and fed back into 
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Fig. 7. Two-el t tr ductor circuits. 
(a) Non-self-excited transductor with separate a.c. and d.c. windings 
(b) Self-excited transductor with separate a.c. and d.c. windings 
(c) Non-self-excited transductor with common a.c. and d.c. winding. 
(d) Self-excited transductor with common a.c. and d.c. windings. 
(e) Simplified self-excited transductor. 
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al winding on the transductor, where it assists 
excitation from the control winding. By dividing 
he a.c. windings into two separate groups and connect- 
ing them in the bridge circuit shown, the control current 
may be introduced in the same winding at two different 
gints which are at the same potential relative to the 
4c. voltage, thereby achieving efficient utilization of the 
ansductor winding space. Fig. 7d shows the con- 
nection used to obtain simplified self-excitation. The 
ansductor is self-excited by means of a current trans- 
ormer. The circuit may, however, be simplified as 
indicated in Fig. 7e. 


The Mode of Operation of the Transductor Element with 
Simplified Self-Excitation. 
Fig. 8 shows the simplest possible transductor cir- 
cuit, consisting of only one iron core, termed a trans- 
ductor element having two windings which, for the 


wa 


sake of simplicity, are as- = 
sumed to be similar, an 
ac. winding, and a control 
winding. The a.c. winding 
isin series with a rectifier 
and with the load which 
[ Load | 


may be assumed to be an 

ohmic resistance, the whole 

circuit being connected to a suitable source of a.c. 
current, in this case a transformer. The control wind- 
ing, in series with a large impedance, is connected 
across a variable d.c. voltage. The principle of the 
transductor element is based upon the use of a magnetic 
material possessing a saturation point. Fig. 9a shows 
such @ magnetization curve which, for the sake of sim- 
plicity, may be replaced by a curve as shown in Fig. 
%. Fig. 10 illustrates the mode of operation of the 
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Fig.8 Transductor with simplified 
self-excitation. 











Q 6 
Fig. 9. Actual and ideal saturation curves. 


transductor element. In the interval between the points 
a and 0, the a.c. voltage is blocked by the rectifier. 
During this interval the magnetic condition of the 
element is determined by the control winding only. 
When the point 0 is reached the voltage changes sign, 
and the rectifier can no longer block it. Instead, a 
current starts to flow through the a.c. windings, giving 
tis¢ to a counter e.m.f. in the transductor element and 
a voltage drop in the load. The latter, however, is 
msignificant and may be neglected. The voltage 
induced in the transductor element causes the flux in 
it to assume a value which is proportional to the a.c. 
voltage integral in respect to time, i.e. the area between 
the voltage curve and the zero line. Assuming that the 
fux has reached a value at the point a, sufficient to 
saturate the element, no further voltage can be induced 
Mit with the result that the entire a.c. voltage will be 
applied across the load. The magnitude of the current 
through the latter will then be such that the voltage 
drop due to the ohmic resistance of the load will equal 
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I. Voltage area absorbed by transductor. 
II. Voltage area across load. 
III. Voltage area absorbed by transductor. 
IV. Voltage area across rectifier element. 





Fig. 10. Mode of operation o a tr t 


the a.c. voltage. At point 7 the a.c. voltage has fallen 
to zero and once more changes sign, inducing a voltage 
in the transductor element, the flux of which fades out 
with the small excitation current. The latter will be 
zero at the point a’, the phase displacement of which 
is 7 relative to %. At that point the rectifier prevents 
the excitation current from changing sign. Conse- 
quently, the entire a.c. voltage acts as a blocking voltage 
across the rectifier in the interval a,’ to 27. 

The transductor element and the rectifier therefore 
operate in much the same way as a grid controlled 
mercury arc rectifier, if the slight excitation current 
which flows in the intervals 0— a and 7— a,’ is 
disregarded. The transductor controlled rectifier may 
be said to “ ignite’ and start passing current at the 
point %, in the same manner as if it had been suppressed 
by a grid until this point was reached. 

The angle «%) which determines the point at which 
the rectifier begins to pass a current may be varied in 
the same way as in a grid controlled valve, thereby 
altering the output voltage. With a transductor this 
is obtained by altering the control current, as this 
alone determines the lowest point on the excitation 
curve (point 0 in Fig. 10b). If the control current is 
adjusted to displace this point towards the knee in the 
curve, the voltage area absorbed by the transductor 
element, before it becomes saturated, will be smaller, 
i.e. the output voltage will be higher. Fig. 11 shows 
current and voltage oscillograms for various output 
voltages of a transductor element. 

Amplification itself is due to two factors. The 
ohmic resistance of the control winding is smaller than 
the admissible load of the transductor and the current 
required in the control winding is less than that carried 
by the a.c. winding. 

If the upper part of the excitation curve is now 
considered as being slightly inclined, as actually it is, 
instead of horizontal, the effect will be that when the 
transductor at the point «) has reached the knee in the 
curve, and a current starts to flow (in addition to the 
slight excitation current) a small voltage will be induced 
in the element. This voltage appears as a voltage 
drop caused by an inductance in the transductor 
element and its magnitude is determined by the control 
winding and by an inductance in series with the voltage 
source ; the inductance is determined by the upper 
part of the excitation curve. 

The reason for calling this circuit “ simplified self- 
exciting” is that the output current assists the d.c. 
excitation of the transductor core, as the current through 
the a.c. winding contains a d.c. component. Removal 
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Fig. 11. Oscillograms showing the current in a transductor 
element with simplified self-excitation, and the blocking 
voltage across the rectifier. 

(a) Practically the entire a.c. voltage is applied across the load. 
(b) About half the a.c. voltage is applied across the load. 
‘c) Only a fraction of the a.c. voltage is applied across the load. 
I. denotes a.c. voltage. 
II. denotes the current through the load. 
III. denotes the voltage across the rectifier element. 


of the rectifier would result in the disappearance of 
this d.c. component and in consequence a much heavier 
d.c. current would be required to bring about the same 
variations in the output current ; just as in the case 
of a non-simplified self-excited transductor a heavier 
control current would be required if the separate self- 
excitation winding were removed. 


Single-Phase Transductor Circuits. 

The transductor circuit shown in Fig. 8, although 
quite serviceable, has several shortcomings. It gives 
rise to d.c. excitation of the transformer feeding the 
transductor, and a large reactance is required to smooth 
the control current sufficiently to ensure that the trans- 
ductor effect is not drowned by the pulsations in the 
element. These shortcomings may be eliminated by 
combining several elements, as in the case of the non- 
self-excited transductor. The simplest way of doing 
this in a single phase circuit is by employing two 
elements. These are then connected to the a.c. scurce 
in such a manner that the currents through them are 
equal but 180 deg. out of phase. By connecting the 
control windings in series the voltages induced in them 
will largely counteract each other, in which case no 
smoothing impedances will be required in the control 
winding. This method also obviates d.c. excitation of 
the transformer feeding the transductor. 

The majority of self-excited transductor circuits 
may be divided into three groups : 

Fig. 12a shows a circuit typical of the first group. 
A characteristic of it is that the instantaneous value of 
the load current is the difference between the instan- 
taneous currents in the two elements. The load current 
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Fig. 12. Self-excited two-element transductors, 
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Fig. 13. Self-excited transductors. 
will therefore be a.c. and this type of circuit is used 
where an alternating output current is required. This 
circuit may, however, also be used with a special recti- 
fier for the load (Fig. 12b). 

Fig. 13a is representative for the second group in 
which the instantaneous value of the load current is 
equal to the instantaneous value of the predominant 
current in the two elements. This effect is typical of 
circuits incorporating metal rectifiers. 

The characteristic feature of the third group (Fig. 
13b) is that the instantaneous value of the load current 
is the sum of the currents in the two elements. 

In addition to these groups there is also the type of 
circuit shown in Fig. 14. .In this case the load is 
divided into two sections. The circuit may therefore 
be regarded as incorporating two transductors, each 
with its own load, and each consisting of one element. 

The differences between these groups are of little 
significance unless the differences in application be- 
come important. It should be mentioned, however, 
that the no-load current is different for the various 
types of circuit. For instance, the circuit in Fig. 12 
has a lower no-load current than the circuits shown in 
Figs. 13a and 13b, while it will be less in Fig. 13a than 
in Fig. 13b. 


Mode of Operation of the Transductor with non-simplified 
Self-excitation. 
As already mentioned, the mode of operation of the 
(non-simplified) self-excited transductor is similar to 
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Fig. 14. Self-excited transductor with split load. 
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corresponds to that of the circuit shown in Fig. 12a. 

It can be proved that also in this case the lowest 
fux in the element is determined exclusively by the 


control current, and that the variations in flux in the 
element, and the magnitude and shape of the output 
current are the same for both self-excited transductor 
types. The only difference between the two types lies 
in their internal distribution of currents. 


(To be continued) 
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Increased Ignition Power of Electric Sparks by Locally 
Changing the Composition of the Gas Mixture 


By H. MacHE. (From Oesterreichisches Ingenieur Archiv, Vol. 1, Nos. 4/5, 1947, pp. 273-277, 2 illustrations.) 


EXPERIMENTS made by the author on a previous occasion 
and reported on elsewhere* had shown that the ignition 
power of a spark gap placed into the stream of a com- 
bustible gas mixture is very little, if at all, influenced 
by the shape of the electrodes, the kind of metal of which 
the electrodes are made, and the sparking frequency or 
the ionization of the mixture. Ignition power is, 
however, considerably increased by an augmentation 
of the spark energy and also by raising the temperature 
of the gas mixture. But the ability of a spark to ignite 
a gas mixture will mainly depend upon the proportion 
in which combustible gas and air are present. On a 
previous occasion* it had been found that, in the case 
of propane/air mixtures, maximum ignitability obtains 
if the gas/air mixture corresponds to the theoretical 
stoichiometric relationship. But it does not necessarily 
follow that this applies to combustible mixtures in 
general. This point remains to be investigated further, 
particularly if it is considered that in all combustible 
mixtures the maximum speed of the combustion reaction 
does not coincide with the theoretical stoichiometric 
mixture ratio, but obtains with a richer gas mixture. 
It could therefore be expected that an analogous con- 
dition exists with respect to maximum ignitability. 
For instance, it has been shown that—at least as far as 
thermal ignition produced by compression is concerned 
—oxyhydrogen mixtures with a large excess of oxygen 
are more easily ignited than the correct stoichiometric 
mixture. This goes to show that the manner in which 
ignition is brought about is also a factor of influence. 
It is, however, always found that even a very slight 
variation in the mixture ratio may either greatly increase 
the ignition power of an otherwise barely sufficient spark 
or completely arrest it. Thus, for example, there 
exists no more efficacious means for improving spark 
ignition of a mixture which does not correspond to 
that coincident with maximum ignitability than to 
increase the quantity of the component being in defi- 
ciency. 

This fact may lend itself to practical application, 
especially so if it is considered that the improvement 
in the mixture proportion will not necessarily have to 
be established throughout the entire mixture volume, 
and perhaps not even throughout the entire spark. 
It will be sufficient to provide a more readily ignited 
mixture at the point of origin of the spark, that is, at the 
point where the molecules are activated. Once electric 
ignition has been established and has led to the develop- 
ment of thermal ignition, the greatest possible con- 
centration of activated molecules has been reached; 
and if the mixture as such is at all combustible, it will 
as a whole become involved in the ignition process. 

In the investigations made to obtain experimental 
confirmation the electrode system shown in Fig. 1 
was used, in which one of the electrodes is seen to have 
a bore terminating at the electrode tip in a nozzle of 


HH 


*S.-B. Akad. Wiss. Wien, Abt. II b (1946). 
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0°3 mm (0°018 in) diameter. By passing the mixture 
through the bore into the immediate vicinity of the 
spark the atmosphere in which sparking takes place 
reflects upon the slightest variations in the composition 
of the mixture supplied. 





V2 6 ¢ 24 
4444i44 











Fig. 1. 


In carrying out a test, a mixture is first supplied, the 
ratio composition of which lies considerably below or 
above the optimum ignition value; at the same time 
the sparking distance is reduced to such an extent that 
only a fraction of the sparks passing between the 
electrodes leads to ignition. If z sparks in every 100 
sparks lead to ignition, then z is taken to represent the 
(percentage) “‘ ignition number.” In the case of rich 
mixtures, the ignition is improved by increasing the 
air supply, and in the case of lean mixtures by increasing 
the gas supply. The sensitivity to changes in com- 
position obtained with the arrangement described will 
be recognized from the fact that flow rates as small as 
0°1 cm*/sec sufficed to produce a marked effect. Be- 
cause of the minute variation in the composition of the 
mixture, the effects of this variation remained strictly 
localized at the point of sparking, the composition of the 
mixture as a whole remaining unaffected. 

The author concludes that the benefits obtained by 
a local increase in ignitability of the mixture can be 
further enhanced by an analogous local increase in 
the temperature of the mixture. This may be effected 
by heating the small amount of gas mixture supplied 
through the hollow electrode which can be easily carried 
out by either heating the hollow electrode itself or the 
pipe connection through which the mixture is supplied 
to the electrode. 


219 





ITALY 


High Voltage Resonance Transformers 
By G. pe Fasst. (From Tecnica Italiana, Vol. 2, No. 3, May/June, 1947, pp. 120-125, 6 illustrations.) 


In modern technology very high a.c. voltages are fre- 
quently required for the supply of consumer circuits 
using comparatively small currents. Typical cases of 
this kind are for instance the charging circuits of voltage- 
pulse generating equipment, the rectifiers supplying 
very high voltages to electron accelerators, the source 
of energy generally used for X-ray therapeutic equip- 
ment, etc. In all these installations, the use of a 
standard magnetic core type transformer represents a 
considerable outlay of equipment which is out of pro- 
portion with the power ultimately required. The 
apparatus of which the general theory is given below 
was first suggested by Sloan (Phys. Rev., Vol. 47, 1935, 
p. 62), Charlston, Westendorp, Dempster and Hotaling 
(F. Appl. Phys., Vol. 10, 1939, p. 374), and also investi- 
gated by Drigo and Alocco (L’Energia Elettrica, Vol. 
18, 1941, p. 102). The resonance transformer with a 
low-frequency input was originally developed for an 
X-ray installation with a peak voltage of one million 
volts, a 30 mA current, and a frequency of 180 cycles 
per second obtained by trebling the normal mains fre- 
quency. The secondary voltage of the transformer 
depends on the supply frequency; a low supply fre- 
quency corresponds to high secondary voltages, while 
low secondary voltages of a few thousand volts require 
the use of ultrasonic or even radio frequencies. 


GENERAL THEORY. 


The transformer circuit is shown in Fig. 1. The 
secondary is assumed to work on a mainly capacitive 
load. The transformer equations are then 


V, = (R, + joL,) I, + jwMI, (1) 

~— V, -_ (R, + joL,) I, +jwMI, 
where R,, , and L,, . are the resistances and inductances 
of the coils and their connections, and I,,, are the 


vectors of the primary and secondary currents. We 
have, furthermore 


V. = —jl,/(wC,) .. oe (2) 


where C, is the load capacitor. At resonance, i.e. 
when w*? L, C,= 1, eq. (2) becomes 


R,I, =—jwMI, .. a (3) 
while eq. (1) assumes the form 
w? M2 
V; = G = i jwL,) a R | I, (4) 














Actually, the problem is fully determined only when 
the value of the active current I supplied to the load is 
known, the load now being represented by a resistor R, 
in parallel with the capacitor C,. The resonant system 
of R, and C, in parallel can be replaced by an equivalent 
a in which R, is in series with a resistance 

s» Where 


R, = 1/(w? C,? R,) os 5) (5) 


Then if R,, R, | R,, the ratio of the currents wil] 
be given by 


q,/1, bead wM/R»;. . oe . (6) 


The active power transferred from the primary to the 
secondary is w* M? J,?/R,,; the reactive drop is only 
in the primary and is equal to wl, J,. Thus the ratio 
of the transmitted power to the power absorbed in the 


primary is 
w? M? w® M? 
a) 
Ry, Ry, 


which corresponds to an efficiency 
> rR,/(R, a R,) 


For a good efficiency, the power dissipated by the 
secondary should be reduced to the lowest possible 
value, and this means that the power factors of the 
condenser and coil should be as low as cost considerations 
will permit. Equations (2), (3), and (4) can be repre- 
sented by a vector diagram, and this shows (see Fig. 2) 
that for a given reactance, the phase angle 9, of the 
primary will be smaller the greater the coupling re- 
sistance w? M?/R,, is relatively to the primary resistance 
Ki. 


V, el), 


4, 


-Razl, | Ril, 








-je MI, 


Fig. 2 


An experimental resonant transformer of this type 
was constructed by the author. The secondary winding 
consisted of a cylindrical coil of 10,000 turns of copper 
wire of 0:35 mm diameter, subdivided into 24 equal 
coils of 417 turns each placed one above the other, 
giving an inductance of 3 henries and a resistance of 
825 ohms. The solenoid had a mean diameter of 15 
cm, and a total length of 40 cm. The primary was 4 
co-axial cylinder, 3 cm thick with 80 turns of copper 
wire of 2 mm diameter, corresponding to an inductance 
of 2 millihenries and a resistance of 0-55 ohms (see Fig. 
3), and also had a mean diameter of 15 cm. For very 
high voltages this arrangement, with the primary placed 
on top of the set of secondary coils, facilitated the 
insulation and earthing of the primary circuit. 

The resonant frequency with a capacitance C, of 
10°° farad was f = 919 cps, and the primary was supplied 
at this frequency by means of an auto-transformer and 
a high-frequency alternator coupled to a variable speed 
motor. With = 08 megohms, the equivalent 
series resistance R, was equal to 375 ohms, and Ry = 
= R, + R,; = 1200 ohms. The mutual induction 
coefficient was M = 0:12+/ L, L, = 9'3 millihenries. 
With a current J, = 10 amps supplied at resonant 
frequency, we had according to eq. (6) J, = 0°455 amps 
and V, = 7,880 volts. The voltage V,, required across 
the primary for the measured values of R,, L, and 
the coupling resistance w?M?/R,, of 2°45 ohms, was 
therefore 
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[ eae ow M2 “8 are a 
— J (a + ) + w®L,? x 10 = 120 volts, 
2t 


with a power factor cos g, = 0°25 and hence a power of 
300 watts effectively absorbed. With the assumed 
pad current of 7880/800,000 = 9°85 mA and a power 
output of 7,880 x 9°85 x 10° = 77°6 watts, the 
eficiency was » = 77°6/800 = 0°26, as compared with 
, = 0251 according to eq. (8). 


‘es — 


Fig. 3 


The values obtained experimentally were: J,=10 A, 
V, = 120 V, absorbed power = 350 W, cos 9, = 
= 029; V, = 7,500 V, J, = 0°43 A, load current = 
8mA; power output 60 W, overall efficiency 7,,, = 17 
per cent. The discrepancy between calculated and 
measured results can be ascribed to the higher coil and 
condenser losses occurring at the working temperatures. 


RESONANCE CURVE FOR THE SECONDARY 
VOLTAGE. 


The secondary voltage V, can be obtained from 
eqs. (2), (3) and (1): 
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V. = — MV,/[C, (x + jy)] -. 
where 


4 1 
r= Re eek (et. ate —) 
wC, 
, 2 10) 
y=R, (ot. _ —) + R,L,w 
wl, 
For simplicity, the transformation Y = y, X = x — 
— R,R, — (L,/C,) will be applied, and the eqs. (10) 
then become 
Y=y ) 
X=w(M@—LL, | ot ee ae 
By varying the parameter w between 0 and o, the 
diagram of X + 7Y can then be plotted point by point. 
The direct relation between X and Y can easily be 
obtained by eliminating the parameter w from eq. (11). 
This gives 
X*L, Ry + LR, ( 2R; (Li Ry + Ls =) 
Y?+ 


L, L, — M? C, 








my 


R; 

+ —(L,L,—M*)=0 .. (12) 

and part of this curve is shown in Fig. 4. 
The point X = (M?— L, L,) R, L,/(R, L, + R, L,) 
— 1/(L, C,), Y = 0, on the X-axis cannot, however, be 
attained in the assumed case of parallel resonance. It 
would only be reached with a very close coupling be- 
tween the primary and secondary if the secondary 
capacitance were able to cancel both the primary and 
the secondary reactances, or in the case of a series type 
of resonance. In the present case it is permissible to 

assume that within the narrow interval 


XxX = (M* — L, L,)/(L2 C;) 
and Y= + L, R,/vV/ L, C, 
in the neighbourhood of the resonance peak, the curve 
can be approximated by a parabola 


Y?= XL, R./(M?—L, L,) «- | (G3) 


its vertex being determined by means of the ratio ob- 
tained from eq. (11) : 


X/Y = (M?—L, L,) w/(L, R,) = tanp .. (14) 


We thus have (1 + tan? p) dp = (M?— L, L,) dw/(L, R,) 
and dp is determined by this equation. 


Denoting by o = 1 — R? the loss coefficient between 
the primary and the secondary, and by «, the gain 
factor of the secondary, we have k = M // L, L, and 
eo. wL,/Re so that 


dp = — ce, dw/[(1 + o? €,”) w] —- €) 
and ifo ~ 1, dp ~ — dw/(ce, w). 


The curve of the secondary voltage V., also shown 
in Fig. 4, can be obtained from eq. (13) for the neigh- 
bourhood of the resonance peak, by means of the 
simple inversion 

&+jn = — MV,/[C,(X + jY)] -» (16) 
where — MV,/C, is constant. It can thus be stated 
that the sensitivity of V,. to frequency fluctuations 
near resonance is greater, the greater the magnetic 
losses o and the quality factor «, characterizing the 
secondary circuit. 

Although these conclusions tend to suggest the use 
of a rather high value for the total resistance R,,, the 
efficiency consideration, given by eq. (8), requires that, 
in order to have an efficiency of the order of 50 per cent 
or more, the value R, of the resistance of the secondary 
winding should be less than, or at most equal to, the 
equivalent series resistance R, of the load. A small 
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value for R, also increases the power factor of the prim- 
ary, which can only be improved to a considerable 
extent by rephasing the supply circuit with an appro- 
priate capacitance. The resonant system will then have 
two distinct resonant frequencies, and this has been 
experimentally confirmed with a small model using 
frequencies in the acoustic range. 

The insertion of a rephasing condenser C, in the 
primary circuit makes the system resonant for two 
values w,’ and w,” (see Fig. 5) obtained from the ex- 
pression 





1 se 


wo’) dikes caiieintatiionitiy 


—,| ottart Vert af) —doP ayo 
where, = 1/4/L, C, and w, = 1/VL, C,. 

As in this case neither w,’ nor w,”’ can coincide with 
w, and wg, it is apparent that under resonance conditions 
neither the primary nor the secondary of the system 
can be entirely compensated. 











Vv, Fig. 5 


Putting w, = w,’ or w,” it will be found that, using 
eq. (2) for the secondary voltage, the eqs. (1) become 


1 
(wits V,,.= 0, L,,.— ): 
Wr Ci, 2 

V, = (R, + jW,) 1, + jw, MI, (18) 

0 = (R, + jW,) 1, + jw, MI, 
so that 

I, = —jo, MI,/(R, +jW,) .«. oe (19) 
and I, is dephased relatively to I, by an angle 

% = arctan (— R,/W,) 

which is greater or smaller than 7/2 according as the 
residual reactance of the secondary has an inductive 
or capacitive character. With eq. (2) the secondary 
voltage assumes the form 


Vz = — MV,/[C2(%, + jy] «+ =~ (20) 
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Fig. 6 


where 

x, = (R, + aR) R,— W,(W, — x W,) 

Ye = (Ri + aR), +R (Wi—a,) | 
with a = w,? M?/Z,,? 


1 2 
and 230° _ R? + («, L, ae, ) 
Wr C, 


Therefore, if in a particular case w, = w. = ay, the 
eqs. (17) become 


= em /9ft tk 
Se eae < oe o< ee 
Wo // 1—k 
and when w = w , the secondary impedance is 
k2 
ve ® nn ‘2 -+- 


0 2 


wy” L,* and the eqs. (22) give 
ltk 
xX = AR, re [R* Wy L, B/(1 = k)] 
k (23) 
a [Aw, L, — R, B] a. 


Vlik 


wy? M* 

and B= —w,L,-- ————- w L, 
(1th) Z,,! 
If the primary and secondary circuits are both tuned to 
the same frequency, the secondary current is given by 

wy” DV LL, 
1 w? 

—fP+ pery Rk? + 78 


€, €3 Wy 


€& + & 


where D= 


@w 
with ¢,,2 = w) L,,2/R,,2. and B = 

Wo 
tuning ratio relative to the resonant value w,. Corte- 
sponding to w,’ and w,”, given by eq. (22), the current 
has two maximum values, determined by 


te SS Bed Ha RPA») 
I,” = — jkV,,/[w Vil —k)L,L, BE”) 3) 
where E’ = 1/(e, €2) —jk(e, + e)/(Y1+k €; €) 
EB” = 1/(«, €2) + jk(a, + €)/(/1—k €1 €) 
which differ both in phase and in amplitude (see Fig. 6); 
the larger peak being the one obtained with super- 
resonant tuning : w,” = w)/4/ 1—k. 
The supply frequency will coincide with the tuning 
frequency provided that w = w», or 8B = 0, hence 


I, = —JjkV,/(w\/L,L,F) .. ~~ 128) 
where F = k? + (1/e, €:), which is a maximum when 
Bagg=1: 
I, = —jV,/(2kwy / L; L,). 
The primary current maximum is similarly given by 
I, = R, (1 + jBes) Vi/(? L; L D) - 


where D is the same expression as in eq. (24). When 
w = wy, we have 


1 
1, = R,V; / [ ee L,( re #) | (28) 
€1 €2 


and when w = w, and k? «,e,=1: 

I, = R, Vi /(2a2 k? L, L2) = Vi/(2R:) .- (29) 
However, if we take account of eq. (6) in which w* M’/R; 
can be replaced by w*M?R,/Z,,? it will be seen that 
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Corre- 
current 


a better efficiency will be achieved by giving the coupling 
factor k as high a value as possible, and by adopting as 
resonant frequency the value which, for a given primary 
current, will permit the maximum possible secondary 
current to be obtained. For the super-resonant con- 
dition this is given by eq. (25) for J,”’, and it can easily 
be shown that the ratio of the primary to the secondary 


voltage is 
Re, & V/L,/L, 


k 
i at) | 
V1—k 


The transformation ratio of the apparatus is there- 


V,/ Vv, = 





while the phase angle between the load voltage and the 
supply voltage is given in the case just treated of a 
doubly resonant system tuned to the frequency wy by 
the angle 


hw EE, L, 
@® = arc tan | -—- (=+=)] 
V1i—k \R R, 

Tests were carried out at the Electrotechnical 
Institute of the University of Trieste with the apparatus 
already described, in which L, = 2 millihenries, 
R, = 0°55 ohms, and a series capacitance of 15 micro- 
farads was used, while the secondary was tuned to a 
value w) = 5770 rad/sec. The results, summarized in 
the following table, were fairly satisfactory, and it is 

hoped that better efficiencies may be 





kg? L, Ly Je 1 
- ——__—— x 
R, R, L, ey = a 


obtained by improving the secondary 
e.. Ly will probably be undertaken at the Uni- 
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) winding. Further research in this field 


R, versity of Padua. 





To 
(A) 


Vi V2 cos py n 
(V) (V) per cent 





0°45 


experimental 0-45 


28°5 8280 0-81 


0-80 











calculated 0-45 


0°45 


| 
| 
Sub-resonant .. | 


calculated 
| 
Super-resonant . | 


experimental 





23-5 
24:8 } 


0:97 





| 
! 
31°5 8000 | 
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0-99 





* Calculated from eq. (8). 


SWITZERLAND 


The Experimental Gas Turbine Plant at the Oerlikon Works 
in Switzerland 


By W. KARRER. 


General Layout. 
As the first phase in the development of the Oerlikon 
experimental gas turbine has now been completed it 
may be of interest to give a description of this plant 
which operates on the open-cycle principle and is de- 
signed for an output of 1000 kW at the coupling. Com- 
pressor and generator are driven by two separate turbines 
the low-pressure turbine being coupled to the com- 
pressor whilst the high-pressure turbine drives the 
generator. The heat exchanger is situated under 
the compressor unit and the combustion chamber is 
positioned under the generator unit as shown in Fig. 1. 
The air which enters through a vertical inlet duct 
(1), is led to a three-stage centrifugal compressor (2) 
provided with intercoolers, and compressed to 3°8 


‘ 
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Fig. 1. General lay-out of plant. 
(1) inlet duct; (2) compressor; (3) heat exchanger ; 


stack ; (9) generator. 
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I (4) combustion chamber ; 
(5) high-pressure turbine ; (6) low-pressure turbine ; (7) starter motor ; (8) chimney 


(From Schweizerische Bauzeitung, Vol. 66, No. 21, May 22, 1948, pp. 291-296, 15 illustrations.) 


atmospheres absolute. Then it is heated to 300 deg. C. 
in the heat exchanger (3) from which it is passed 
to the combustion chamber (4). The gases leaving the 
combustion chamber at a temperature of 550 deg. C. 
are passed through the high-pressure turbine to the 
low-pressure turbine which they enter at 2°5 atmos. abs. 
and 480 deg. C. The exhaust gases from the low-pressure 
turbine are cooled to approximately 140 deg. CG. in the heat 
exchanger and partly leave the plant through the chim- 
ney stack, the remainder being used as combustion air for 
the work’s steam boiler. The use of fresh combustion 
air is thus made unnecessary and fans are no longer 
required. By utilizing the exhaust heat in this manner 
a saving of coal amounting to between 5 and 10 per 
cent was obtained. 
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Fig. 2. Diagram of 
velocities in the impeller. 
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Fig. 3. Stage efficiency and pressure rise for the same 
impeller running in three different casings. 
The Compressor. 
According to Bernoulli the pressure increase per 
stage is :— 
C2 — c,? w,? — w,? u,?—u,? 
4H = + 





2g 2g 2g 
where, with reference to Fig. 2, c,, C2, W1, We) and 4, Uey 
represent the absolute, relative, and peripheral velocities 
at the inlet (1) and outlet (2) of the impeller. For 
axial-flow compressors u, = u, ; the pressure increase 
is therefore greater for centrifugal compressors as com- 
pared with the axial-flow type. As regards efficiency, 
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5. Longitudinal section 
ms F. the Oerlikon centrifugal 
compressor. 
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Fig. 4. p-V curves and isothermal efficiencies of the Oerlikon 
centrifugal compressor. 




















however, the latter must be given preference. This 
is due to the fact that, in the centrifugal compressor, 
the transformation of the kinetic outlet energy (c,?/2g) 
into pressure energy takes place in the stator and is 
responsible for great losses. 

Therefore, various casings have been tested in con- 
junction with the same impeller. Fig. 3 shows the 
test results recorded for three of these casings. Con- 
siderable improvements could be obtained by sub- 
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Fig. 6. Cross-section through the third stage of the com- 
pressor. 


dividing the casing into four volute sectors each of these 
sectors being provided with its own diffuser. (See 
section B-B in Fig. 6.) In this way the efficiency 
was increased from 76 to 88 per cent as illustrated by 
Fig. 3. Not only is this efficiency now comparable to 
that which can be realized with the axial-flow type, but 
this design also affords an additional advantage in that 
it allows the water coolers to be incorporated in the 
compressor directly at the back of each stage. The 
conditions at the first stage were measured as follows :— 
Inlet 0°99 atmos. abs., 20°2 deg. C.; outlet 1°618 
atmos, abs., 70°1 deg. C., giving a pressure ratio of 1°63. 
From these figures the adiabatic efficiency was calcu- 
slated as 87°7 per cent. The overall efficiency of the 
compressor, including mechanical losses, was 84 per 
cent. In view of the employment of intercooling, it 
is customary to consider the isothermal efficiency rather 
than the adiabatic efficiency. It will be seen by refer- 
ence to Fig. 4 that the isothermal efficiency of the 
Oerlikon compressor, at a speed of 4,500 rpm and 
an optimum delivery of 680 m*/min slightly exceeds 
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SECTION D-D 


Fig. 7. Cross-section through the first stage (D-D) and 
through flow ducts of the second stage (C-C) of the com- 
pressor. 


74 per cent and that at lower speeds it reaches 80 per cent. 
Detailed investigations have shown that isothermal 
efficiencies of this order are by no means confined to 
3-stage compressors, but can also be realized for several 
times the pressure delivered by the experimental com- 
pressor. 

Details of the compressor design can be seen from 
Figs. 5-8 ; Fig. 7 represents the connection between 
the first and second stage; the connection between 
the second and third stage is quite similar. The four 
intercoolers, situated on the periphery of each of these 
two stage-groups, are joined longitudinally into one 
unit each (Fig. 5). 


The Turbines. 


The 5-stage high-pressure turbine illustrated by 
Fig. 9 is given a high degree of reaction (65 per cent) ; 
the flow passage between two adjoining aerofoil-type 
blades is almost straight. ‘To obtain the required stage 
pressure, despite the negligible curvature of the flow 
passage, the latter is, in the direction of flow, radially 

! contracting, as can be seen 
from Fig. 9 by looking at 
the blade shrouding. 

The wheel design is 
adapted from Oerlikon 
steel turbine practice with 
the difference that, while 
in steam turbines the 
wheels are shrunk on to 
the shaft, in the case of 
the gas turbine, the wheels 
and shaft are made of one 
solid forging. The dia- 
phragms are in two halves, 
with a box-shaped inner 
part and a_ substantial 


Fig. 8. Bottom half of com- 
pressor casing with rotor 
in position. 





through high-pressure turbine. 
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Fig. 9. Longitudinal section 
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rim. The rim consists of an outer ring, R,, and an 
inner ring, R; which are connected by a number of 
ribs, R, forming part of the guide vanes L. The shaft 
is rigid, the critical speed being 30 per cent above the 
nominal running speed. In contrast to the high- 
pressure turbine, the low-pressure turbine is fitted 
with different blading having a lower degree of reaction, 








Fig. 10. Definition of heat-exchanger efficiency, 
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Fig. 11. Simplified control of fuel system. 
(1) compressor; (2) heat exchanger; (3) combustion chamber ; 
(4) turbine ; (5) generator; (6) centrifugal governor; (7) control 
piston; (8) control valve; (9) speed setting; (10) tank ; (11) 
level control ; (12) fuel pump. 
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and has an elastic shaft. Its speed is 4,500 rpm to 
enable the compressor to be directly driven. 


Other Parts of the Plant. 

The heat exchanger consists of seamless tubing 
which is expanded into the end plates and through 
which the compressed air flows. The exhaust gases, 
guided by special vanes, pass between the tubes in 
multiple contra-flow. The vanes, the most suitable 
shape of which was evolved from model tests, contribute 
in no small measure to the high efficiency of the heat 
exchanger (nwa) which, according to the definition 
given in Fig. 10, is between 75 and 80 per cent. The 
air temperature is increased in the heat exchanger by 
more than 200 deg. C. 

The combustion chamber is formed by a cast steel 
cylinder which constitutes the flame chamber, and a 
sheet metal part which is the mixing chamber. Entirely 
novel are the method of fuel feed shown in Fig. 11, and 
the control related to it. Pump (12) delivers fuel into 
tank (10) the pressure in which is only a few hun- 
dred millimetres of water above the pressure in the 
combustion chamber (3). A float-actuated overflow 
valve (11) ensures a constant fuel level in tank (10), 
somewhat lower than the nozzle orifice. There is no 
control device between tank (10) and combustion 
chamber (3) and the air pressure acting on the fuel surface 
in tank (10) is responsible for fuel delivery to the 
nozzle. This pressure is regulated by control valve (8) ; 
if valve (8) is closed the air pressure in tank (10) is 
equal to the delivery pressure of compressor (1), and 
if it is fully open, the pressure in tank (10) is equal 
to the lower inlet pressure of turbine (4) which is 
somewhat lower than the pressure in the combustion 
chamber. In this position of valve (8) no fuel is de- 
livered. Between the two extreme positions valve (8) 
is controlled by the centrifugal governor of the high- 
pressure turbine. The main advantages of this method 
are the small masses of the controlled parts, and the 
large pipe diameter between tank (10) and combustion 
chamber (3). This constitutes a safety measure against 
clogging and, in addition, ensures that fuel cannot be 
delivered to the combustion chamber when the plant 
is stopped and the fuel pump continues in operation. 

In conclusion, it may be mentioned that the plant 
was in operation for over 3,000 hours, and delivered 
1,700,000 kWh into the Zurich town grid. 
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Calculation of Torsional Vibration Stresses in Large 
Power Plants 


By A. F. GOGIN. 


(From Symposium on the Dynamic Strength of Machine Parts, published by the Institute of 


Practical Mechanical Engineering and the All-Soviet Society of Engineering Sciences of the Mechanical Industry, under 
the patronage of the Academy of Sciences of the U.S.S.R., Moscow and Leningrad, 1946, pp. 44-51, 5 illustrations.) 


Tue calculation of the resonant stresses of crankshafts 
has not been sufficiently developed because of the 
difficulties in the determination of the damping factor 
and the dynamic torque. Moreover, the variation of 
dynamic torque under transient conditions (in running 


|__Mthrough criticals, stopping, or starting) also requires 


| further investigation. 


For instance, in the case of a 


Vi marine engine changing its running speed during 


ome 
ivered 


; EST 


manoeuvring, the value of the harmonic coefficient of 
the vibration torque will vary as a function of the mean 
indicated pressure, which also depends on the pro- 
peller torque and running speed. Similarly, the 
dynamic stresses occurring at stalling speeds can be 
estimated by taking the harmonic coefficients for zero 
ime.p. Starting conditions, however, are apparently 
entirely different from the normal running conditions, 
ad a correct prediction of the resonant stresses during 
starting would require determining the variation of the 
harmonic coefficients during the first few minutes after 
starting. Unfortunately, results of tests of this type 
have not so far been published. The variations of the 
harmonics during the initial phase are shown in Figs. 


1 and 2, for two different engines analyzed by the author 
of this article. 

The damping coefficient is determined from a 
comparison of the actual dynamic stress and the calcu- 
lated stress of an engine, based on harmonic coefficients 
taken from a normal cylinder diagram. The damping 
torque is generally calculated using the following 
assumptions : (1) the forced vibrations at resonance 
are similar in shape to the free harmonic vibrations of 
the elastic system ; (2) one type of damping is pre- 
dominant, so that all other types of losses of oscillatory 
energy can be neglected. 

There is little difference of opinion regarding the 
values to be ascribed to propeller damping. Engine 
damping, however, is assumed either to vary linearly 
with the angular velocity of the vibration, or to be a 
function of the energy dissipation due to shaft hysteresis. 
For instance, according to the relation proposed by 
Prof. Luntz, the damping coefficient would be pro- 
portional to the 2:17th power of the velocity. Table I 
shows the results of torsiograph tests with different 
engines, and gives the angular velocity w, the damping 
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factor S assuming linear relationship between the 
damping torque and the angular velocity of the vibration, 
and the damping coefficient f determined according to 
Prof. Luntz with damping proportional to the 2°17th 
power of the velocity. 

If damping is assumed to be due to energy dissipa- 
tion through shaft hysteresis, the damping torque will 
be a function of the stress. There are two standard 
inethods of calculation, viz. :—-Lewis’s based on Rowett’s 
experimental results, and Ker Wilson’s worked out 
from Dorey’s empirical data. Ker Wilson’s formula 
can be reduced to the expression 


CREAR Sia» hee 2 ek: (RO 


where 7, is the so-called equilibrium stress, and K, is an 
empirical constant. This formula gives the maximum 
stress at the nodal section of the shaft under resonance 
conditions. Thus, Ker Wilson assumes that the re- 
sultant damping torque does not depend on the stress 
distribution of the entire system but only on the maxi- 
mum stress of the shaft. This formula, therefore, 
neglects the hysteresis losses of the other shaft sections 
of the system, and the assumption is consequently open 
to doubt, particularly since in most cases the stresses 
in the sections adjacent to the node section do not 
differ considerably from the maximum stress so that 
the damping due to these sections should not be dis- 
regarded. However, Ker Wilson’s formula can be 
modified so as to take account of the shape of the 
elastic line of the system vibrating at its natural fre- 





quency. For mild steel shafts the formula becomes 
3 r=(Ma) _ 
?, = x Or x — (2) 
0:905 K2Z(M,?) 
where ¢, = (half) true amplitude at mass No. 1 ; 
r = shaft radius (cm.) ; 
2(Mx) = vector sum of harmonic torque com- 


ponents multiplied by corresponding angu- 
lar displacements (kg cm rad) ; 
K = damping coefficient (according to Dorey : 
K = 0:0728) ; 
M,, = total vibrating torque in shaft section, for 
an amplitude « of 1 radian at mass No. 1 ; 
1 = length of corresponding shaft section (cm) 


In this form, Ker Wilson’s formula differs from 
Lewis’s only in the value of the coefficient and the 
exponent used, Dorey assuming that the damping 
torque varies as the 3rd power of the stress, while 
Rowett puts it proportional to the 24rd power. 

Table II gives values of the coefficient K of formula 
(2) for various engines, as well as Ker Wilson’s coeffi- 
cient Ky corresponding to formula (1), and also the 
damping coefficient calculated from Lewis’s formula 


a 3(M a) 
C = 0:0704 —emetmmiiemene 4, ee (3) 
gi! 2 (M,.74 1) 
where d = 2r. The values of K, Ky and C given in 
Table II were determined from actual measurements. 


It will be seen that the values of K are far greater than 
those given by Dorey ; moreover, the values of K, are 











TABLE II. 
; | Cyclic | 
Engine irregu- | K Ko Cc 

type | larity 6 | 
90 D6 | 1/1330 | 0-449 | 133 85 x 10710 
K6Z 54/90 1/1000 | 0-618 | 105 118-5 x 10710 
6BS 70 1/560 | 1-161 | 80 95-5 x 10710 
6BK 43 1/84 | 1-437 | 75 101-2 x 10710 
6BK 43 1/132 i 1:42 eek 130-3 x 10710 
25D 6 1/470 | 0-822 | -92 108-5 x 10710 
M.A.N 1/348 | 0-292 154 47-2 x 10710 
90 D : 1/1160 1-59 65 142-0 x 10710 
Steam mead 1/50 2-042 ieee 0-1 x 10710 
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2-4 times smaller than Ker Wilson’s, and the C value 
are greater than those indicated by Rowett, even with 
Porter’s correction. 

It can be asserted a priori that the cyclic irregularity 



















of the engine speed must have some influence on thy (a) § 
magnitude of the critical stresses. According 
Mancy’s suggestion, the dynamic magnifier can 
related to cyclic irregularity by means of the expression 
1 
M, = eK (4) (b) 
1 1 \? 
Saag Sey | aa 
2 M 
where M, is the dynamic magnifier including the cor. h 
rection for cyclic irregularity, and M the dynamic jit 5™ 
ifier d ined without taking cyclic irregularity 2" 
magnifier determined without taking cyclic irregularity ; 
into account. any 
four 
opera' 
I: vibrat 
' Ky throu 
) 
) 
i 
} 
Oo: 
fe) 
° By] 
Oo: 
oO: 
oO: 
K-VALUE ACCORDING TO DOREY THE 
Ol 5 fined 
unit 
Vi deter 
COEFFICIENTS K AND K,AS FUNCTIONS OF THE CYCLIC reach 
IRREGULARITY 5 same 
" can | 
Fig. -3 field, 
havir 


The cyclic variation was determined by means of § high- 
Sass’s formula. Fig. 3 shows an attempt to plot the § tube 
damping coefficients K and K,, determined from actual f then 
tests, against cyclic irregularity 5; (the values of 6 are cal g 
given in Table II). This figure shows that Ker Wilson’s § flux i 
formula can be used with good results, at least in the § the 2 
case of six-cylinder engines, to determine the maximum § the » 
stress of the system. For an evaluation based on the § volta 
stresses in all the shaft sections of the system, the § a co 
corrected formula (2) given above is preferred. high 

The curves shown in Fig. 3 are not what would have § accel 
been expected by using Mancy’s formula. That is f tube 
why it is considered that Mancy’s formula does not — and 
accurately represent the effect of cyclic irregularity of & Alth 
engine speed on damping. with 

The values of K and K, for engines with a different — regai 
number of cylinders do not follow the curves of Fig. 3, J in th 
and this shows that the number of cylinders must als 
have an effect on damping. 

The allowable torsional vibration stresses can be y 
determined either by calculation or be means of nomo- § a cir 
grams on an empirical basis. Owing to the lack of & the | 
sufficient data, on the effective values of stress COM B 04, 
centration factors and on the size effect, for a methodical of t 
calculation of the crankshaft stresses, safety coefficients pi 
have to be introduced, so that the empirical method 
based on nomograms gives far more reliable results. ro 
In the “‘ Krasnoye Sormovo ” Works it was decided, in e 
accordance with the standards issued by the “ Russkiy § ener 
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Diesel? factory, that the following limits would be bending stresses. On the other hand, fractures occurred 
















































applied for the maximum permissible stresses due to in the neighbourhood of the stress limits given above, 
orsional vibration :— but still below these values, in cases where there were 
. : : additional stresses due to misalignment or bending. 
(a) Shafts not subjected to dynamic bending stresses : Thus a generator shaft of a 6BC 70 Diesel-generator 
Maximum stress when running : set developed a fatigue crack under torsional stresses of 
through criticals .. -. 800 kg/cm? ; 1250 kg/cm?, after running for a certain length of time, 
Maximum stress for continuous as a result of misalignment. The shaft of a 25D6 
operation .. ae .. 400 kg/cm?. engine broke under heavy bending stresses although 
(b) Shafts subjected to dynamic bending stresses : the torsional vibration stress at the critical was 630 

Maximum stress when running kg/cm?. 5 
through criticals .. .. 700 kg/cm? ; y = — of fr allowable stresses obviously 

: : epends on the engine design. 
aa akenmnamaoes 300 kg/cm? An attempt was made to reduce the stresses occurring 
oP ie sr5 7 while running through a critical under load by pro- 
It should be mentioned, however, that engines with ducing artificially a standstill by means of a hydraulic 
considerably higher stresses have been running without brake. By suddenly removing the brake load, the 
any trouble. For instance, in a large power station, engine speed increased rapidly with the normal 
four engines of the type KoZ (54 x 90) have been in 1000 kW load, the engine developing 1850 hp; this 
operation for over 5 years. The maximum torsional cut down the time required to pass through the critical 
vibration at the node was 1250 kg/cm? when running from 6°6 to 2 seconds and reduced the resonant ampli- 
through a critical, but there were no additional dynamic tude by 10 per cent. 
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The Ray Transformer 


By R. Wiper6zE. (From Schweizer Archiv, Vol. 13, No. 8, August, 1947, pp. 225-232, and No. 10, October, 1947, 
pp. 299-311, 14 illustrations.) 


The ray transformer, usually known as “‘ Betatron ” in the United States and Great Britain, is one of the 

latest developments of electrical technology in the field of ultra-high voltages. This new apparatus makes it 

possible to produce, with a comparatively moderate amount of technical equipment, electron potentials of up 
to several hundred million volts. 


THE electron potential or ‘‘ kinetic potential” is de- 
unit charge: U = mv?/2e. This potential is thus | 


determined by a velocity v which the electrons would 
reach after going through a potential field with the Vv 


same difference in potential U. The ray transformer B 
> Pe . < - Ss 
can create high potentials without using an electric 
field, and it differs from the ordinary transformer by Ro | Bi 


having a high-vacuum toroidal type tube instead of a a 
high-voltage winding. The electrons enter the vacuum 
tube with a comparatively low initial potential, they are 
then subjected to a peripheral acceleration by the electri- 


cal gradient associated with the change of the magnetic 














flux in the transformer, and their speed increases during 6 

the acceleration period so that after each revolution in 

ba ~~ Bee oll ag Bn weet Fig. 1. Orbit of electrons in accelerator tube. 

a considerable number of turns and reaching a very a 2 ad 2 —(v/e 

high voltage in the toroidal tube at the end of the et ee + a shit V1 wre a 

acceleration period, the electrons are deflected out of the so that for the potential, velocity, and mass of the 

tube or led to an anticathode, on which they decelerate electron, we have 

and generate hard gamma rays or nuclear reactions. 1 f 

Although so far only gamma rays have been produced U =e | ——————_— 1 |, with e = my c*/e (la) 

with ray transformers, suggestions have been made /1—(v/c)? 

regarding the generation of secondary electron rays pcnienerer os 

in the form of beta radiation. v = cr1/U? + 2Ue/(U + ©) ap op (2) 

1. THE ELECTRON POTENTIAL. scien :staiihils sina aA Me Ae 

The energy of the accelerated electrons moving in —_ a cei of the electron, c = velocity of light, 

a circular orbit of radius R, in a plane perpendicular to and _e = electronic charge. ; , 

the induction flux of the ray pels Fig. 1) __ The electrical field strength E in the circular path 

can be calculated as follows:—If B; = mean density of the transformer is ret 

of this flux, A, = RB,/2 = vector potential of the p 1 d® Ry, 4B; dA, [volts (4) 

flux, and B, = flux density of the guiding field, then = ie Sk G 

for a non-disturbed electron following the motion of 2x Ro dt 2 at ds se 

the electrons within the transformer, the relativistic and the increase of electron potential over a line-element 

energy is given by ds is 
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cR, 1/U?+2Ue _ 
dU = Eds = Evdt = —————dB; .. (5) 
2 U+e 


The electron potential is obtained by integration : 
/ U? + 2Ue —+/U,? + 2U€ = cR,(B; —B;,)/2 (6) 
Electrons which fulfil the initial condition 


a/ U,? + 2Uye = cRy B;,/2 ; (7) 
will be called “ correct-phase electrons.”’ They only 
have the potential which they obtain from the circular 
electrical field (see eq. (11)). 

The intensity of the guiding field B, must be such 
that the Lorentz force acting on the electrons will 
neutralize the centrifugal force of circular motion: 


Prorentz= evB ,= mv? /Ry= Pentritugal oe (8) 
By means of eqs. (2), (3) and (6), we thus obtain 
B, = \/U? + 2Ue/(cR,) = (Bi —B,.)/2 
+ Ug? + 2Up€/(cRo) (9) 
so that for correct-phase electrons, for which the 
accelerating period begins at B;, = 0, we have 


B, = B,/2 em on cs 


and U = Ve + (cRy B,/2)? — € © (cRy B,)/2— (11) 


The relationship between the induction field and the 
guiding field enables a very simple transformer to be 
designed. To satisfy the field condition (10), the 
induction flux can be led across an air gap, and in this 
way a transformer with guide poles for the generation 
of the guiding flux, and induction poles for the induction 
flux, is obtained. This simple construction (see Fig. 2) 
requires, however, considerable reactive power for the 
magnetic energy stored in the air gap. 



































Fig. 2. Ray transformer with air gap in central core for the 
induction flux. 
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Fig. 3. Ray transformer with magnetic counter-excitation 


for the induction flux. 


The reactive power of the transformer can be con- 
siderably reduced by replacing the air gap of the 
induction field by a magnetic counter-excitation (see 
Fig. 3). It will be seen that both the induction flux 
and the guiding flux (hence, the total flux) are produced 
by coils with the same applied voltage u. The ratio of 
the fluxes (or of the flux densities B, and B,) can easily 
be adjusted by altering the ratio of the number of turns 
of the two coils. 

If F, is the mean cross-sectional area of the guiding 
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flux ®,, and @,, is the mean flux (area 7R,,,”), 
are the numbers of turns of the coils, then the 
voltage is 


u= kw, (®, + ®,) = kw, Om. 
The equilibrium condition (10) gives 
B, = B,/2 = [®», + (7Ry? —7 Ry?) B,)/(20 R 
therefore 
w,/w, = 1 + (®,/®,) = 1 + [F,/(a@ Ro? + 7 R,,2)] (14) 


If the coils are connected to two different voltazes u,,, 
then instead of eq. (14) we have 


Us Fr, 
1 + ————— ] .. ~ (14a) 
uy; aR, +7R,? 


A current with a 180 deg. dephasing will flow in the 
opposite winding and therefore contribute to 
active current required for the excitation. If 8, 

@,, are the magnetic potentials of the fluxes ©, ar 

and 6, is the magnetic potential of the commo: 

flux, then the relative saving in reactive power o 

by counter-magnetization will be (N,* = reactive power 
without counter-excitation) : 


N,*¥— N, ®,, (0, — 9m) 
N*X  — (®u-+ ®,) (0, + 8,) 


Ww, ies + 6,\ 
> 1— ) (15) 
We 4, 


For ray transformers of larger size, where the winds 
ings only take up a relatively small space, the counter- 
excitation will make it possible to save about half, or 
more than half, of the reactive power. 

We have so far considered the electrons which are 
accelerated during a quarter of the full period, from 
B,; = 0 to B; = Bim. As, however, the circular 
electrical field has the same direction from B; = — B,,, 


to B; = + Bim; the electrons can be accelerated in 
fact up to half the full period, and in this way they will 
reach a voltage twice as high as the previous maximum 
voltage according to eq. (11). For the magnetic guiding 
field, we find, using eq. (9), and remembering that 


U, => 0 when Bio — — Bim: 
B, = (B; —B;,)/2 = (Bi + Bim)/2 = B*/2 (16) 
The guiding field must therefore be premagnetized 


to a value B,, = B;,*/2. We can still regard the 
electrons as being in correct phase, and moving under 
the influence of the (fictitious) flux density B* = B; 
+ Bm. As it is not necessary to premagnetize the 
induction flux with direct current (this would cause an 
unnecessary saturation of the central iron core), an 
arrangement such as the one shown in Fig. 3 can be used, 
with d.c. excitation in different directions in the two main 
coils, and in the adjacent auxiliary coils. Fig. 4 gives 
two circuit diagrams which enable this result to be 
obtained, and which also prevent the alternating current 
from flowing through the d.c. source. For this pur- 
pose one can either insert a.c. blocking filters in the 
d.c. circuit, or apply counter-e.m.f.’s which are im- 
pressed by means of transformers. To avoid a supet- 
saturation of the iron cores of the blocking filters or the 
transformers by the direct current, the cores must be 
provided with air gaps which increase somewhat the 
reactive power absorbed. 

The inner coils required in the new arrangements 
reduce the induction flux and also decrease somewhat 
the maximum attainable voltage. As the cooling of 
these windings is not a simple problem, the new azrange 
ments will be used with maximum advantage for the 
production of higher voltages (about 60 Mv). For 
voltages above 100 Mv the economy in weight anc power 


W,/W, = 





THE ENGINEERS’ DIGEST 





Henci 


(15) 


> winds 
ounter- 
half, or 


‘ich are 
1, from 


circular 
a + B; m 
ated in 
ley will 


netized 
ird the 











SO c/sec BLOCKING 
CIRCUIT Z=co 


5O ¢/ec BLOCKING CIRCUIT 











nm us D.C. SHUNT. 50 ¢/sec RESONANCE 
wy We sia 


Fig. 4. Circuits for pre-magnetization of the guiding field in 
a ray transformer, wit tization of the 
core field. 





is so great that the complications of the new arrange- 
ment are amply justified. 

Wrong-phase electrons, which do not fulfil the 
condition of eq. (7), can be treated as if they had re- 
ceived the correct-phase electron potential U and also 
an additional potential u. Eq. (6) then gives 


V(U + u)?-+ 2(U + u) e— up? + 2p € = CRB;/2(17) 
so that 

Utu=WV e+ (up? + 2p € + (cRB,)/2)°— € (18) 
When B; = 0, we have 


9/uy? + 2uy € = mvy c/e = c Pgo/(eR) se -@9) 


fa (2B. 3 Be) (18a) 
“= oe r— ¢ ime a 
N eR 


eo eR \F 
and u= e + io B; 
eR Z 


—(U + ©) & vpgo/(eR) (20) 
inthe extreme relativistic region). 


It will be seen from eq. (20) that the additional 
voltage u, which has the value u) = ev 9?/(2c?) when 
B; = 0, rises in the extreme relativistic region to the 
value u = evv,/c?, so that u/u = 2v/vy ~ 2c/v,. As 
the additional voltages are generally very low and only 
amount to a few kilovolts, they do not play any role 
in the calculation of the maximum electron potentials. 
But particularly in the initial stages of the acceleration 
they can alter the equilibrium condition and affect the 
radius of the equilibrium orbit. 

_ If it is assumed that the guiding field decreases 
linearly in the radial direction, so that 


B, = By [1—(Kr/R,)], where r= R—R, (21) 
then, for wrong-phase electrons, the equilibrium con- 
dition will be given by 
Prorentz =evByy [1 — (Kr/R,)] = mv*/(Ro+r) 


7 Pentritugal oa oe (22) 


Hence U -++- 


Putting into this equation the value of B,. from 
¢q. (9), and v from eqs. (18) and (2), we obtain for the 
tadial deviation of the equilibrium orbit : 


r= CPgo/[(K—1) e+/U?+ 2Ue] .. (23) 
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u(U + ©)/[((K—le1/U?+ 2U dq 
- u/[U (2K —1)] (N.R. region) 
~ u/[U(K—1)] (E.R. region).. (23a) 

(E.R. = extreme relativistic region, N.R. = non-rela- 
tivistic region). Thus, the radial deviation of the equi- 
librium orbit decreases steadily with increasing electron 
potentials because of the wrong phase. The wrong-phase 
electrons describe therefore spiral-shaped orbits which 
approach asymptotically the equilibrium orbit. The 
relative decrease of the radii is determined by 
dr/r = —[(U + ©) dU]/[U? + 2Uc] = —aB,/B, 

™ —dU/(2U)(N.R.) and ~ —dU/U(E.R.) (24) 
The radial deviation of the equilibrium radii decreases 
therefore at first at half the rate at which the electron 
potential increases. As a rapid change of the equilibrium 
radii facilitates the introduction of the electrons (see 
Section 3), a rapid increase of electron voltage is 
desirable. That is why a somewhat higher frequency, 
between 180 and 600 cycles/sec, is advisable for the 
excitation of the transformer, particularly in the case 
of a small transformer, when iron losses are not 
very important. 

Owing to the large dimensions of the orbit, the 
electrons revolving in the vacuum tube appear as indi- 
vidual, discrete charges, and as these are constantly 
subjected to a centripetal acceleration, they must also 
constantly radiate electromagnetic energy. Iwanenko 
and Pomeranchuck have shown that at high electron 
potentials this radiation can reach such high values that 
it will affect the design and the construction of the 
transformer. 

We consider an individual electron with the velocity 
b = v/c and calculate its radiation density S at a dis- 
tance r = re (where e = unit vector*). Then denoting 
vector products by square brackets [ ], and scalar pro- 
ducts by curved brackets ( ), we have 


S = (EH] = c « [E [eH]] = 
=c« {e(E)—E (Ee)} ~ceeE* .. (25) 
where «, is the dielectric constant of the vacuum, E 
the electrical field strength, and H the magnetic field 
strength of the electron. The second term in the 


brackets is valid for the proximity region and can be 
neglected for larger distances (E being perpendicular 


to e). For the energy dW radiated through the solid 
angle d2 during one revolution we have 


1: 


e 1 t 
dW = joa \ (Se) d (—.) } rae 
( # 1 — (be) 


0 


and r/Ry 


C€q sates 
= ——_ EF r*dQ (26) 
1 —(be) 

Introducing the electrical field strength E at the 
distance r, we obtain for the radiated energy (see, for 
instance, Heitler: Quantum theory of radiation, Oxford, 
1936, p. 21 ; the radiation damping calculation given 
in this Section is due to B. Touschek) : 


- re ns 
© (Sa 
4n | ceéy(1—(be))° 

( e ) 1 
=f— ) ————_- x 

4n / ce,(1—(be))® 


; 
x {a—ver b? —(1— b’) sad io (27) 


[e [(e — b) b]]? d2 


Integrating the energy over the entire space, we obtain 


* All vectors are printed in bold type. 





(with w = c/R, = angular velocity of the revolving 
electrons, f = frequency of the excitation voltage) : 

° 2 ec B' we Che OU TeX 
y= 


3 4re,R,? (1—?)? 3 ee 
2 ir gee us 
a (— (E.R. region) «s "@8) 
3 R,* € 
where r,= e/(47€) €) = 2°82 x 10% cm. (classical 
radius of the electron). If we convert the radiated 


voltage W into electron potential with the unit of 
potential equal to «, then 





€ 


yor = W/(ee) = 2recy/(3R;) .. (28a) 


For a non-premagnetized transformer we can put, 
in the extreme relativistic region (E.R. region), y = 
Ym Sin 2nft, and, as the voltage loss through radiation 
is generally small, we have approximately 

t 


2 Pe 
4ystr = | — — (ym sin 2nft) dt 
3 Ky 
n x 
rc 
eS ee ine | sin‘ x dx, 
3a ¥ R,? 

Aystr ‘.< 3x — cos x (3 sin x + 2 sin? x) 

Yar 





y  3efR? 8 sin x 
rec : re c Bin U,, 
ee a Ynila (x) aT —hf; (x) (29) 
3af R,* 3né de 
Similarly for a premagnetized transformer we obtain 
(with Y=Ym sin? (x/2)) : 
x x 
105 ——acos — 
Aystr fe 2 


7 3af Ri? 








Y nm 
x 

192 sin® — 
2 


r, ce \ jae Us 
enenonnetite iain LAD, . -» (30) 
3neé if 
where « = 105 sin (x/2) + 70 sin® (x/2) + 56 sin® (x/2) 
+ 48 sin? (x/2). 
The calculated values of the functions f, and f, are 
as follows :— 


x ose 0" 30, 20° 930° 40° . 50°60" “70° 


ized by reducing somewhat the guiding field (for instanos 
by saturation of the iron), according to the ‘unctiop 
f, and f,, at the end of the accelerating period, in orde 
to raise the equilibrium orbit again to its normal valye 


2. THE NON-MATERIAL CIRCULAR 
CONDUCTOR 


In order to enable the electrons to have » circulg 
motion during which they will go throug sever 
hundred thousand revolutions, it will be necessary 4 
ascribe to the circular path properties similar to thosd 
of an ordinary conductor. The magnetic fie'ds acting 
on the electron will have to be constituted ‘1 such ; 
way that they will give rise to Lorentz forces which, j 
conjunction with the centrifugal forces, will concentratd 
from all sides the electrons upon the: circular axis of 
the toroidal tube. These forces will then have ; 
stabilizing effect, and will prevent disturbances due tg 
the forces of the electrostatic space charges, or to the 
scattering effect of gas molecules, etc. The theory of 
electron motion so far developed, which led to thd 
simple relation B, = B;/2 (eq. (10)), is in fact onk 
valid for the motion of electrons on the equilibri 
orbit, where the centrifugal force is neutralized by th 
Lorentz force of the guiding field. To concentrate 
the electrons in the axial direction upon the plane of 
the circular orbit, the guiding field will have to decrease 
in the radial direction. In this way a radial field com 
ponent, increasing with distance to the plane of the tube 
will be created, which will produce a corresponding 
force for axial stabilization. 

R—R, 


If B, = B,, (\-« 


then the radial component is 
z 


5B, 
Brau = |e = — KB,,2/R,.. 
5R 
0 
and Pa, = evB,, K,, Kz/Ry. 
The radial forces are then 
Praa Prorentz = Prentrit. 
= evB,, {1—(Kr/R,)} — mv*/(R, +1) 
= evB,, (1— K) r/R, te aie 


From eq. (33) it will be seen that positive radial stabiliza- 
tion forces (that is, forces directed towards the tube 
axis) are obtained when K is less than unity. The 


90° 100° 110° 120° 130° 140° 150° 160° i70° 18 





10%f,(x) = 0 
NA ee eek, ae ee ee a 


When x = 152 deg., 94 per cent of the maximum 
voltage is already reached, and we have f, (x) = 0°43. 
As the maximum flux density of the guiding field will 
be much higher in a premagnetized transformer than 
in a normal transformer (for instance, 8000 instead of 
4500 gauss), the radiation damping in the premagnetized 

8000\ ? 0°43 
transformer will be greater in the ratio (=) — = 

4500/ 0:284 
= 486. For instance, a premagnetized transformer 
for 150 Mv with x = 152 deg. and f = 50 cycles/sec. 
will have a radiation damping of 5:4 per cent. The 
radiation damping will cause a wrong phasing of the 
electrons, which will result in a reduction of the equili- 
brium orbit (see eq. (23a)). This effect can be neutral- 
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0°14 033 142 426 93 17:1 284 423 


89 —- — — — — — — — = 


25 50 85 135 205 296 41:0 540 693 86 


guiding field must therefore decrease slightly mort 
slowly than 1/r in order to obtain stabilizing forces 
which will act on the electrons from all sides in the 
inward direction. When K = 1/,, the radial and the 
axial stabilizing forces become equal in magnitude (se¢ 
eqs. (32) and (33)), and the electrons are then symmett 
cally distributed about the equilibrium orbit (i.e. the 
tube axis). 
When a disturbance of the fundamental moti 
displaces the electrons out or the equilibrium orbit, th 
electrons will perform oscillations in the field of me 
stabilizing forces, and the oscillation amplituces W4 
decrease adiabatically owing to the gradual inc: 
the field of forces. 


(To be continued) 
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Using a Lathe as a Horizontal Drilling Machine 


(From Technische Rundschau, Switzerland, Vol. 40, No. 17, April 30, 1948, p. 5, 4 illustrations.) 


DuRING the manufacture of certain components, long 
steel flats had to be drilled at one end to a true, accurate 
bore of 105 mm (about 44 in) diameter. The available 
drilling machine could not produce this size of hole, 
and the flat was too long to be turned on a lathe in the 
yual way. The problem was therefore solved as 
follows: —The bore of the steel flat A was flame cut 
approximately to size, and a piece of metal B (Fig. 1) 
was then rigidly fixed in the bore and adjusted so that 
one of its surfaces was flush with one side of the steel 
fat A. A centre was accurately punched on the piece 


A 


of metal B and a small hole drilled through the centre 
marking, so that the steel flat could then be accurately 
supported between headstock and tailstock centres 
Fig. 1). The saddle, with its cross-slide locked, was 
thn moved up against the steel flat until the latter 
touched along the entire length of the trued saddle face. 
The steel flat was thus true with respect to the spindle 
axis. A fairly long and rigid steel bar C was then 
place on the tool holder, the work piece moved into 
the position shown in Fig. 2, and tack welded to bar 
C at several places D. Finally bar C was clamped 


JULY, 1948 Volume 9, No. 7 


in position in the tool holder without moving the work 
piece which was thus held in position ready for boring. 
The piece of metal B was removed, boring bar G 
inserted between centres and tool F accurately adjusted 
and fixed by set screw H (Fig. 3). The lathe was then 
put into gear and the boring bar was rotated by the 
spindle drive whilst the axial saddle movement fed the 
work piece into the tool. After the first cut, the tool 
was adjusted by slightly loosening set screw H and 
tapping the end of the shank. 

Check circle # (Fig. 2) which had been marked on 





Fig. 2 
Section A-A 














Fig. 4 


the work piece before flame cutting, provides means for 
checking the centricity of the bore. If the bore is not 
central, a slight movement of the cross-slide or the fit- 
ting of shims under bar C would restore exact centricity. 
Instead of tack welding, the work piece could also be 
drilled and tapped at two suitable places, studs screwed 
into the tapped holes, connected by clamp L and the 
work piece clamped against the tool holder or slide in 
the manner shown in Fig. 4. Bar C is then not needed. 
After machining, the tapped holes can be welded up 
if necessary. 
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An Electric Device for the Heating of Leaf Spring 
Assembly Clamps 


By F. GUTTMANN. 


RAILWAY workshops have to deal with the repair of 
large numbers of leaf spring assemblies. Their most 
common trouble is the fracture of a leaf and the main 
difficulty is found to be the removal of the clamp holding 
the leaves together. The clamp is pressed on to the 
spring assembly when hot, and it must be heated again 
if it is to be removed. For this it is impossible to use 
an open flame as this would also heat the springs and 
make it necessary for them to be rehardened. 

To avoid this, the arrangement shown in Fig. 1 
was developed, consisting of a transformer for which 
the springs act as an open core and the clamp as a 
secondary, short circuited, winding. 

To begin with, the primary coil was made of flat 
copper strip 2 x 30 mm (°/g, x 1%/,, in) with 110 
turns on a brass former which did not form a complete 
ring. The former was hollow and water-cooled to 
prevent the coil from over-heating due to its proximity 
to the red-hot clamp. The coil is partly let into the work 
bench to facilitate the positioning of the spring assembly. 
The bench must be of non-magnetic material to prevent 
eddy current losses. 

This preliminary arrangement was working satis- 
factorily for a considerable period. The time required 
for heating a clamp to red heat was 3 to 5 minutes. 
The starting current taken by the primary coil was 
about 200 amps at 380 volts dropping gradually to 140 
amps. The consumption for the heating of one clamp 
was approximately 2:1 kWh., but the power factor was 
as low as 0°44. 

The part of the installation giving the most trouble 
was the hollow brass former. To keep the magnetic 
stray flux to a minimum, it was necessary to reduce, 
as far as possible, the air gap between the primary 
winding and the clamp. An improved design was 
therefore developed using 2 flat copper turns, which 
are connected to the secondary of a mains transformer 
which is mounted under the bench as shown in 


(From Strojnicky Obzor, Czechoslovakia, No. 1, 1948, pp. 15-16, 1 illustration.) 


Fig. 1 


Fig. 1. The advantage of this arrangement is that 
there is only 4 volts across the copper winding, 
which can be bare and is not liable to be damaged by 
heat; it can therefore be fitted much closer to the 
clamp thereby improving the magnetic circuit. Only 
the heat in the secondary of the mains transformer 
must be disposed of by water cooling. 


New Principles for the Design of Machine Tool Slides 


By O. LIcu. 


By the introduction of new principles for the design of 
machine tool guides and slides, machining accuracy 
can be improved and slide wear reduced and, therefore 
production costs lowered. 

The usual cast iron slides of lathe beds show more 
wear than other lathe parts and, although the older 
form of flat slide faces can be re-machined and re- 
aligned fairly easily, the repair of worn prismatic slides 
is difficult and costly. Sometimes, particularly with 
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Fig. 1. Re-design of a flat-slide runway for an arrangement 
of cylindrical slide bars. 
a = lathe bed, 6 = saddle, c = cylindrical slides, hardened and 
ground, d = slide inserts, hardened and an, e = backi 
strips to prevent lifting of saddle, f = steel flats. By fitting stee 
cylinders c, the accuracy and life of 5 lathe have been considerably 
improved. 
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(From Werkstatt und Betrieb, Germany, Vol. 80, No. 10, October, 1947, pp. 265-267, 13 illustrations.) 


precision lathes, saddle, head-stock and tail-stock must 
also be re-aligned. Chill cast slide faces improve wear 
qualities but also increase the manufacturing and repair 
costs. The disadvantages are increased by the fact 
that the greatest amount of wear occurs locally, near 
the headstock. Fig. 1 shows the re-design of an old 
lathe bed which had flat slides. Prismatic grooves 
were machined into the flat slides with the aid of a 
planning gauge with counter gauge for the saddle. 
Steel flats f are arranged in recesses in the underside 
of the bed slides and saddle guides e are re-used. 
Four slide inserts d are sufficient for light lathes and 
are spigoted in the saddle, whilst holes are provided for 
lubricating the slide from the saddle. Hardened, 
tempered and accurately ground cylindrical bars ¢ 
provide the slide surfaces. These bars lie in the 
prismatic grooves, and the inserts with a nearly semi- 
circular groove, slide on them. On lathes with rela- 
tively short slides, the bars need only be clamped at the 
ends, but on longer lathes they must be secured to the 
bed at several points, the method of fastening depending 
upon the diameter of the cylinders. Several lengths 
of cylindrical bars can be arranged in one groove since 
by accurately grinding and planing the entire runway 
in one long stroke, no stepping should be noticeable. 
Two of the inserts are always made from one square 
block which is drilled, reamed, grooved at the sides, 
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Fig. 5. 
elevati: 


and hardened and tempered. The bore is then ground 
to the exact dimensions required and the block is 
finally cut in halves by grinding. Slide bar and inserts 
ae thus made to fit. Wear is very much reduced 
pecause both surfaces are made of hardened steel. 
Moreover, after some wear has occurred, the bars can 
be turned round so that their unworn surfaces are 























Fig. 2. Simple new design of a lathe bed. 
a= bed, 6 = saddle, c = cylindrical slides, hardened and ground, 
d = clamping arrangement of carriage. 


Fig. 2 shows the slides of a newly designed heavy 
lathe. Two sturdy, hardened and ground cylindrical 
bats ¢ are supported by brackets at the ends of the 
bed and clamped in position by screws. The saddle 
bis supported by the bars which slide in two long bores. 
If wear occurs in the bores, they can be fitted with steel, 
bronze or Meehanite bushes. The large sliding sur- 
faces, however, will reduce wear and last as long as 
eg. the gear drive. The saddle is clamped in position 
by lever d which acts on an extension partially slotted 

















horizontally and vertically so that the clamping pressure 
cannot react on the saddle. Felt seals to keep out 
metal chips and suitable lubrication arrangements are 
provided but they are not shown in Fig. 2. 


c 





Fig. 3. Usual arrangement of vertical slides for sliding 
spindle head. 
a = upright, b = sliding spindle head, c = backing strip for slide, 
d = spindle, e = clamping screw for spindle sleeve adjustment. 
Such slides are difficult to manufacture and are subject to consider- 
able wear of sliding surfaces. 


Fig. 3 shows the usual design of vertical slides 
where, for the accurate positioning of spindle d, the 
slides a and backing strips c must be very carefully 
machined. The sliding head bore is sometimes re- 
adjusted by tightening screw e. However, unilateral 
adjustment never allows for a perfect guiding arrange- 
ment. Fig. 4 shows a plan view and Fig. 5 a side 
elevation of the new arrangement. The two columns 
ee are slid into position from the top through the two 
bores in supporting frame a and are accurately positioned 
and secured in the lower bearings (see also Fig. 9). 
Guide brackets are cast as integral parts of the sliding 
head b and the clamping arrangement in the centre of 
the length has two horizontal and one vertical slot f 
so that part c is partly isolated from the spindle head 
casting and is elastic enough to ensure very safe clamping 
by locking lever d. The clamping pressure cannot 
influence the accuracy of the spindle position. 
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fig. 4. Simplified new design of vertical 
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slides of boring machines. 


‘= upright, 6 = sliding spindle head, ee = 

ylindrical steel columns, d = clamping arrange- 

ment for sliding head, e = spindle lock, 
f = spindle. 











Fig. 5. New design of vertical slide in 
‘levation and section through clamping 











arrangement. 
4= upright holding the columns, 5 = sliding 
spindle head, d and c = locking arrangement, 
@ = steel columns, hardened and ground, 
f = slots for locking arrangement. 
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Fig. 6. New desi 


of spindle sleeve for 
precision drill. 

a-b = sliding spindle head, c and d'= spherical 
inserts, e and rh = spherical washers g=spindle 


sleeve, h = flange, i = fastening screws, k 
spindle, 1 = adjusting screws, m locknuts, 
n = babbit. 7 
The end faces (washers) of the spindle sleeve, 
form part of a spherical surface. 
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Fig. 6 shows the method of positioning the spindle 
sleeve g in the sliding head a-b of a precision boring 
machine. With the usual design of cast-in sleeve, this 
is a very delicate operation, and after only very little 
wear, a long time is needed for correcting the align- 
ment. The arrangement shown by Fig. 6 allows for 
rapid correction. Collars e and f are spigoted onto 
sleeve g, insert c is spigoted into the sliding head, and 
insert d closely fitted into its lower bore. The inter- 
faces c—e and d—f are spherical as indicated by the 
dotted circle. The spindle sleeve is inserted from the 
bottom by means of flange 4 and screws i. It can then 
swivel about the centre of the big sphere and spindle 
k can be accurately positioned by three adjusting screws 
having locknuts m. In the final spindle position, screws 
J are locked and the lower end of the sleeve is babitted 
inside the hub of the sliding head. The filling 7 is solidi- 
fied after cooling and the whole assembly is then as rigid 
as if cast in one block, yet exact positioning can thus 





Fig. 7. Simple design of end clamps for slide cylinders« 
a = machine bracket, b = clamping bar, c = cylinder, d = clamping 
It. 





























Fig. 10. Vertical column c supported by eyes in upright a. 

For light work (e.g. with diamond tipped tools) rolling guides can 

be chosen. Rolls d run on ball journals f supported by ground 

pin e. Any wear of slide c can be compensated by slightly turning 
cylinder c into another position. 


be obtained in a short time. With heavier machines, 
both the top and bottom ends of the spindle sleeve are 
babitted in a similar manner. 

Figs. 7 to 9 show clamping and positioning arrange- 
ments for cylindrical slides, whereas Fig. 10 shows a 
special rolling guide arrangement for light machine 
tools. Fig. 11 is a cross-section through the table 
of a precision machine tool. Bed a and table 6 are 
well ribbed for rigidity, and the table slides on specially 
calibrated steel rolls o arranged in bronze cages q. 
Slide rails p and r are hardened, ground, and fitted into 
the table and bed so that high accuracy is obtained. 
An amply dimensioned hardened and ground steel 
rail d positions and guides the table sideways and the 
slightly tapered wedge e which can be adjusted by 
means of screw f ensures correct positioning and adjust- 
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ment without play. The clamping arrangement must 
not impair the accuracy of the guiding arrangement by 
transmitting the clamping pressure on to the table or the 
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Fig. 8. Support between centres. 
a machine bracket, 6 = cylinder supported, at its end, by accur- 
ately positioned centre c, adjusting screw eliminating play 
and locking centre c, e locknut. 








Fig. 9 Support of vertical 6 in machine bracket a, 
Adjusting screws c accurately position column 6 which is babbitted 
in the final position. d = babbit metal. 





Fig. 11. Cross-section through slide arrangement of pre- 
cision measuring table. 

a = bed, 6 = table, ¢ feed spindle, d = sideways guide rail, 

e = wedge, f = adjusting screw for wedge, g steel strip for 

locking of table 6, h = backing strip for securing ¢ to the table, 

i = clamps, k=locking handle, / = screw with spherical seating m 

for clamp i, n = tie rod, o = sliding rolls, p = upper sliding rail, 
q = cage for rollers, r = lower sliding rail. 

This design has been proved to be very advantageous, especially 
for jig drills with optical fine adiustment. 


bed. Thin steel strips g are thus fastened to the sides of 
the table by backing strips h, and are pressed against 
the side of the bed by clamps i. The clamping pressure 
exerted by locking handle & is transmitted to the opposite 
side of the table by the rod 7, and spherical washers ™ 
compensate for the rocking movement of clamps 1}. 
The clamping pressure is thus distributed symmetrically 
and, owing to the elasticity of strip g, no pressure caf 
be transmitted to the table. Spindle c, with arrange- 
ment for feeding and quick return, controls the table 
movement. 
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Segregation and Collection of Industrial Scrap 


py M. 3. BORINSTEIN*. 


(From an address delivered before the Chicago Chapter, American Institute of Mining and 


Metallurgical Engineers, March 22, 1948, 8 pages.) 


Ivgeneral, industry has developed modern and efficient 
methods for manufacturing its products. However, 
grap operations in the average industrial plant are 
where they were years ago. ‘Typically, a manufacturer 
will spend thousands of dollars in an effort to reduce 
the cost of making his product, while he may be totally 
waware of sometimes staggering losses in the disposal 
ofthe waste materials. 

Let me cite an all-too-typical example. Recently 
ye discovered that a plant was producing in one area 
afload quantities of cast iron borings. In another 
ection they were producing a grade of steel turnings 
known to the trade as short shovelling turnings. They 
were processing the turnings over a centrifugal washer, 
thus reclaiming the oil, and enhancing the value of the 
grap. But, they were then taking both the cast iron 
borings and the steel turnings to a central point where 
the grades were unnecessarily mixed by dumping into 
me bin, creating another classification. As a result, 
this plant was forced to sell mixed borings and turnings 
vhich brought a price of $5 per gross ton under the 
prevailing market price for No. 1 Heavy Melting Steel. 


@ This is the base grade with all other grades of ferrous 


rap being priced above or below it. By dividing the 
large bin into two separate bins, and thereby keeping 
the borings and turnings segregated, we automatically 
were able to sell the turnings at a price only $3 under 
No. 1 Heavy Melting Steel and the cast iron borings 
at $4 under the base price. Since the plant produced 
aw average of two tons of turnings to one of borings, 
this simple change in procedure gave the manufacturer 
§l'66 more per ton for this part of his scrap resulting 
ina net saving of $4,440 per year. 

Here are the two vital reasons for thorough scrap 
segregation :— 

1. Failure to keep alloy grades—ferrous and non- 
ferrous—segregated means that valuable metals are lost. 
They appear in the remelted metal as contaminants 
rather than as useful alloying agents. 

2. Mixing of low grade scrap with high grade scrap, 
or mixing of any alien grades, means needless loss of 
revenue to the scrap producer. For, in general, the 
price he received for the mixture; no matter what it 
contains, is the going price for the lowest grade in the 
mixture. 

Because of to-day’s general scrap shortage, segrega- 
ting scrap at the source and providing simple convenient 
collection procedures are taking on renewed importance. 
With very few exceptions, point-of-origin segregation 
can be achieved with a minimum expenditure of man- 
hours or out-of-pocket cost. Once the grades are mixed, 
they cannot be sorted except at considerable cost, nor 
is it ordinarily possible to achieve a high degree of 
eficiency in the sorting. 

Millions of dollars in profits, together with an 
untold number of man and furnace hours have been 
lost because ferrous and non-ferrous metals were not 
properly segregated. Many plants which think they 
ae segregating their materials properly stop too soon— 
they do not follow through with the final job of segre- 
gation according to alloy which would make the scrap 
more suitable for re-use and also bring the plant a 
higher financial return. 

Copper, for example, may be separated from brass, 
duminium from zinc, etc., but the plant overlooks the 
fact that within these groups are many grades and 
sub-divisions of different alloys, some of them critically 
needed to-day. While the technique in segregating 
non-ferrous metals is complicated, and requires con- 
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siderable training, yet, it is well worth the effort in 
terms of income. Take the copper group—there are 
at least eight different grades, ranging from pure copper 
down to a grade approximating 20 per cent copper 
content. In value, the difference can be as great as 
$300 per ton. 

What I said about the copper group is true of all 
other non-ferrous metals such as aluminium, brass, 
bronze, zinc, etc. Stainless steel also provides its 
special problems. 

Obviously, proper segregation requires the pro- 
ducer to know the exact breakdown of classification in 
the scrap market, and just as obviously his use of this 
information will increase his return. He should, how- 
ever, bear this point in mind. His salvage operation 
should be on a self-sustaining basis and he should 
watch his net return rather than his gross. 

Proper preparation of the scrap from a marketing 
point of view is also important. On this point, I should 
like to cite a recent example: A plant was producing 
45 tons a week of scrap from its stamping department. 
It was being loaded into gondola cars as baling stock 
and sold to a dealer for further preparation prior to 
shipment by him to a steel mill. We estimated that 
60 per cent of this tonnage could be shipped direct 
to a mill in carload lots as No. 1 Busheling without 
any preparation being required. It was already of 
proper size for mill consumption. The remaining 40 
per cent did require further preparation. We recom- 
mended that the plant purchase a small-size alligator 
shear and the employment of one experienced shearman. 
He was given the job of shearing the 40 per cent of the 
production scrap that was unprepared. 

The shear cost roughly $2,000—the shearman about 
$60 a week. Writing off the cost of the shear in three 
years at the rate of 37 cents a ton of material processed 
and including the shearman’s time, the total cost was 
around $1°69 per ton. 

These changes, which certainly could not be called 
difficult, resulted in a net increase in scrap revenue of 
$10,000 a year. 

Sometimes waste in handling becomes almost fan- 
tastic. I know of an industrial plant which was paying 
approximately $3,000 per month to have its waste 
materials—a rather unusual type—hauled from its plant 
to a dump on the edge of town. A thorough study of 
this particular waste product, plus a careful search for a 
market, resulted in the sale of this scrap for an amount 





Plastic Gas Pipes 


IN some installations of the Southern California Gas 
Co., extruded Tenite tubing is being used instead of 
steel pipe, according to Materials and Methods, April, 
1948. The plastic has had sufficient testing to give 
company officials assurance that it is capable of serving 
to conduct gas from the main to customers’ meters. 
The Tenite pipe is being used generally except where 
it might come in contact with refinery gases and other 
products of oil refining. Rocky soil also is avoided. 

Joining of the piping is simple. If one inch o.d. 
piping is used, its ends are coated with a solvent cement 
and joined. Then a section of one inch i.d. tube is 
coated similarly on the inside and slipped over the 
joint. Readily available fittings are used to join plastic 
piping to the main and to copper tubing at the “ riser ” 
in the house. The tubing used for gas service is de- 
signed to withstand a pressure of 30 psi. 

More than 500 installations, using 40,000 ft. of 
tubing, have already been made. 
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approximately equal to the previous cost. Conse- 
quently, the saving resulting from the eliminating of 
the hauling costs, plus the income realized from the 
proper sale of the scrap amounted to almost $72,000 a 
year. 

Scrap segregation and preparation precede methods 
of collecting and handling. I am going to state the 
principles involved in all three of these steps by quoting 
an excerpt from the ‘‘ Salvage Manual for Industry ” 
of the War Production Board. 

“* The first thing to do is find out the specifications, 
grade, etc., of every material from which scrap may be 
generated. Then determine the department where it is 
being generated and the approximate quantities, pro- 
vide adequate containers, properly identified to receive 
each type of scrap, and ensure that the machine operator 
knows exactly what material he is working and that the 
machine is properly tagged. 

“To accomplish this last, the best plan is to place 
identification cards on the machine so that the collectors 
can readily determine what material he is working there- 
by preventing admixture. A system should be worked 
out so that when a blue-print, job card, or the material 
is issued to an operator, the identification card for the 
material will also be issued. 

“The collection should be planned so that the 
individual collectors handle only certain materials. This 
avoids confusion as well as trains the collectors to 
identify, by sight, practically all material assigned to 
them. 

** A perplexing problem is the avoidance of contam- 
ination of any class of material. After the materials 
have been collected and freed of oil, etc., where neces- 
sary, they should be stored in such a way that they will 
not become contaminated or weathered. 

‘In plants where ferrous and non-ferrous metals 
are fabricated, it is highly advisable to use some type 
of magnetic separation as a final safeguard against con- 
tamination as well as full recovery. Several satisfactory 
types of separators may be purchased commercially. 

“Care must be taken to accomplish all collection, 
storage, and loading with a minimum of handling. The 
collection of metal from points of temporary storage 
near or at machines should be frequent enough to pre- 
vent the machine operator from mixing materials. The 
temporary storage containers should be either painted 
or tagged, or in some way identified, so that the collector 
will empty the contents of these containers into suitable 
receptacles on his own truck, thus continuing segrega- 
tion. 
** Fitted collecting pans that are easily removable, 
machine cleaning between operations on different 
metals, and the availability of temporary ‘‘ marked ” 
storage containers for machine waste are the essentials 
of proper segregation technique. It is equally important 
to locate prominently about the shop suitable containers 
for rubbish, lunch refuse, bottles, and assorted items 
to keep such refuse out of the scrap containers.” 

Types of containers depend, of course, on a plant’s 
production and upon the kind of preparation the scrap 
needs. Chip-pans or boxes of various designs are 
commonly used on machine tools. The pans are 
dumped into wooden or steel barrels or boxes. Often, 
tote boxes or buggies are fitted with special holding, 
charging, dumping, or stacking devices. 

As scrap accumulates, it is of utmost importance to 
move it promptly out of departments that make it. A 
whole salvage program can be jammed up if this is not 
done. 

Just as the scrap producer should know the grades 
of scrap that he has, so should he know mill specifications 
for shipment—whether the scrap should be baled, 
bundled, briquetted, crated, boxed, bagged, drummed, 
or shipped loose, and what sizes these various packings 
should be. 

The marketing of scrap is a complex and complicated 
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subject in itself. I have mentioned it along with the 
major factors of segregation, preparation and collection 
merely to indicate that the solution of an industria] 
plant’s scrap problem is not complete with the setting 
up of a proper segregation operation; that a proper 
marketing operating calling for experience, technical 
know-how, day-to-day market knowledge, and marketing 
technique is also required. Not until a plant’s scrap 
operation combines all of these factors will it begin to 
pay proper dividends. 
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A Coolant Pump for Lathes 


By W. SCHWARZWALDER. (From Werkstatt und Betrieb, 
Germany, Vol. 81, No. 2, February, 1948, p. 38, 
1 illustration.) 


{F a lathe is fitted with a turret head and used as 4 
capstan for batch production, an automatic coolant 
supply may be very desirable. This led to the develop- 
ment of a simple attachment for pumping coolant 
during machining operations as shown in Fig. 1. The 
cast body a is bolted to the headstock body and centred 
with respect to the spindle axis. The eccentric sleeve 
d actuates the plunger b which is held in contact with 
d by spring c, so that pumping takes place when 
the spindle rotates. The cast body carries on its vertical 
extension the suction pipe f, the inlet and outlet valves 
e which are separated by a distance piece, and the 
coolant pipe g. The two ball-type valves e are identical, 
the ball being retained by a cross-pin (shown in the 
inset). No springs are necessary since the ball weight 
is sufficient to ensure correct valve action. The 
spindle speed is high enough to compensate for the 
intermittent pumping action and a uniformly con- 
tinuous stream of coolant on to the work-piece is 
obtained. To prevent air from being trapped in the 
space provided for the spring, a small flat is filed 
on the larger diameter of plunger 6. 



































See 


The coolant is collected as it is thrown off the 
work-piece by the sheet metal trough m and led 
back to tank e. Chips are caught by the perforated 
sheet k, and the suction pipe f is further protected by 
filter located at the inlet. Certain refinements for the 
control of the coolant flow can be added, e.g. an ad- 
justable overflow valve in coolant pipe g, above the 
outlet valve e, but they are not essential. 
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O.P.L. Direct-Vision Surfascope 


From Mesures and Contréle Industriel, France Vol. 13, No. 130, March, 1948, pp. 99-101, 4 illustrations.) 


Tue “‘ Surfascope,”’ developed by the Société d’Optique 
et Précision of Levallois, near Paris, is an instrument 
for the measurement of the surface roughness of metal 
specimens. The instrument is based on the “ extin- 
guished total reflection ” method suggested by Golliet, 
Grunwald and Lévy, in 1924, and is available in two 
different models. The first model is for the examina- 
tion of cylindrical bars of small diameter (less than 
60 mm), and the second is for cylindrical shafts of 
large diameters and plane surfaces. 


1. Cylindrical Bars of Small Diameter. A prism 
(1) is applied on the cylinder (2) under examination 
(see Fig. 1), in such a way that the edges of the hypo- 
tenuse surface will be parallel to the generator lines of 
the cylinder. The incident light is totally reflected 
only by those points of the prism surface which are not 
in direct contact with the metal. 


.\ 3 
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Fig. 2. 


Fig. 4. 


2. Plane Surface and Cylindrical Bars of Large 
Diameter (see Fig. 2). For the examination of a plane 
surface, the line of contact is obtained by replacing the 
hypotenuse face of the prism by a cylindrical surface 
of which the generator lines are perpendicular to the 
plane of the incident light (see Fig. 2). 

For cylinders of large diameter, the use of the plane 
faced prism would give an extensive area of contact, so 
that excessively high pressure on the prism would be 
required. Consequently, a prism with a curved surface 
is used for diameters of 60 mm or more. 

In both cases, the area of contact is observed by 
means of a microscope (3). The resultant image 
appears as shown in Fig. 3, the zone of contact being 
represented by a dark band, while the white striations 
correspond to the scratches on the metal which are not 
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in contact with the prism. 

To enable comparisons to be made between various 
specimens, the following conditions must be fulfilled : 
(1) the pressure of the prism on the specimen should be 
constant; (2) the flat surfaces of the prism should not 
be distorted as a result of the applied pressure; (3) the 
refractive index should be high, in order to reduce the 
thickness of the ‘‘ evanescent wave ’”’ zone; moreover, 
this zone depends on the index of the contact prism 
which should be as thin as possible, so as to have a 
clearly defined total reflection; and (4) the surfascope, 
being a workshop instrument, should be easy to use 
without requiring special adjustment. 

The prism is applied on to the specimen under 
examination by means of springs compressed by weights 
which provide a constant contact pressure. The prism 
has two degrees of freedom, i.e. it can be displaced in 


one direction and also rotated slightly, to obtain a good 


| | 5 A 


line of contact on the test piece. 

As glass, owing to its low elasticity modulus, is 
easily deformed under pressure, and also gets scratched 
when in contact with metal components so that it be- 
comes useless, the hypotenuse surface of the prism was 
covered with a layer of corundum which, besides having 
a high refractive index of 1°77, also gives a very hard 
surface which is practically unaffected by contact with 
steel. The surfascope (Fig. 4) is designed as a straight 
tube, with a rectifying prism with two reflections which 
transmits the image of the Contact to the axis of the 
instrument. A standard eye-piece is used. The sur- 
fascope is simply applied on to the surface to be ex- 
amined. For the examination of cylindrical shafts, two 
adjusting screws enable the surfascope to be correctly 
positioned on the specimen. 
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The Saving of Electrical Energy in the Machine Tool and 
Assembly Shops of the Kirov Factory in the Urals 


(From Promyshlennaya Energetica, Russia No. 6, 1947, pp. 3-5, 2 illustrations). 


THIS report summarizes experience gained and the 
measures adopted during a period of 4 years study with 
the object of limiting the consumption of electricity to 
a minimum. 


(1) Economy obtained by substituting one machine tool 
where several were used previously. 
15 trials were carried out, including :— 

(a) The substitution of two multiple cutting lathes, 
in place of three turret lathes and five screw 
cutting lathes, previously used for the same 
work, which effected a saving of 190,000 kWh. 

(b) The substitution of two radial drilling machines 
used for drilling 108 holes in a certain com- 
ponent by a “‘ Boush”’ type machine capable 
of drilling the 108 holes in one operation, which 
saved 70,000 kWh. 

Other trials of this kind were mainly by 
the adoption of special machine tools designed 
for a particular operation, in place of universal 
machine tools used previously. 


(2) Economy obtained by the use of more efficient machine 
tools. 
19 alternatives adopted in this group include :— 
(a) 30 simultaneous operations carried out on a 
parallel planing machine instead of on a vertical 
milling machine, with a saving of 60,000 kWh. 
(b) Different methods of production with a view 
to reducing the consumption of electricity, 
such as the substitution of a motor driven saw 
for cutting steel, by cutting in the blacksmiths’ 
shop, with a saving of 70,000 kWh. 


(3) Economy by Reducing Tolerances, 

13 measures adopted requiring the collaboration of 
technologists, production engineers and distribution 
engineers. 

The main points are listed below :— 

(a) Reduction in tolerances allowed between opera- 
tions, thus saving 55,000 kWh. 

(b) More accurate casting and forging, such as 
casting without a riser, which results in a re- 
duction of weight and a saving of 70,000 kWh, 

(c) Stamping in place of forging; also cold stamp- 
ing in place of hot stamping, resulting in a 
reduction of the tolerances required for machin- 
ing. 

(d) Various improvements in the technology of 
casting such as casting with covered pouring 
gates and smaller allowances giving a 12-15 per 
cent saving of raw materials and requiring less 
machining. 

This obtained a saving of 2,000,000 kWh. 


(4) Economy by increasing load factor on machine tools. 

The measures falling under this heading consist in 
the introduction of special methods and appliances, 
increasing the number of tools, and the number of 
components machined simultaneously. 


(5) Economy by improving machining technology. 
13 measures adopted in this group include :— 
(a) Screw thread rolling machines in place of screw 
cutting machines. 
(b) Heat treatment in h.f. ovens in place of standard 
methods of heat treatment. 
(c) Improved final turning operation to make fine 
finishing unnecessary. 


(6) Economy by combining several operations in one. 
This is obtained by the introduction of combined 
instruments such as conical broaches which make jt 
possible to machine in one operation instead of by two 
or three broaches of different diameter as previously 
required. : 


(7) Economy by cutting out certain operations. 

An example of this is where preliminary and final 
drilling is done on one machine instead of on two, thus 
saving 90,000 kWh. 


(8) Economy by increasing speed of machining. 
Improvement in the hardness of cutting tools by 
the introduction of hard alloys. 
Improved thermal treatment of components by 
reducing their hardness and thus allowing for higher 
cutting speeds. 


(9) Reduction of idle motion. 

This can be obtained by measuring automatically, 
by automatic starting and stopping, etc. Whereas pre- 
viously, during the manufacture of a certain cylinder, 
18 measurements and consequent stoppages were re- 
quired, this has been reduced to 5-6 stoppages by 
automatic measuring, and has effected a saving of 
18.000 kWh. 





Combination Worm 


Drives for reciprocating machine beds of the rack and 
pinion or rack and worm type sometimes present very 
difficult design problems. An unusually interesting 
refinement of the worm and rack type of drive, featured 
on Ingersoll planer type machines, is reported in Machine 
Design, April, 1948. Worm and rack action is con- 
ventional but spur gear teeth are cut across the worm 
threads so that the combined worm and spur gear may 
be driven direct by a spur gear located in the bed of the 
machine, 


Besides simplifying the design and reducing space 
requirements, this arrangement makes possible a larger, 
more rigid drive shaft having considerably less torsional 
deflection and, in addition, provides maximum ‘ooth 
contact area reducing wear to a minimum. Smooth 
feed is obtained regardless of the heaviest interrupted 
cuts and good lubrication is provided by the worm- 
spur teeth which lift oil from the reservoir to the rack 
continuously. 
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New Materials, Processes and Equipment 
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HIGH-SPEED AUTOMATIC MARKING DEVICE 
FOR SEAMLESS TUBING 


e Pannier ‘“‘ Master Marker ” Universal Marking 
Machine developed by the Pannier Brothers Stamp 
Co., Pittsburgh stamps 1, 2,3 or 4 sides on the same 
run at a rate up to 300 feet per minute. It handles 
bars as well as tubing in round, square, hexagon and 


other shapes, in sizes from */, to 2 in diameter. Port- 
able or stationary, and equipped with a '/; hp motor, 
it can be used for production or job work. It has 
replaceable segments, and interchangeable type, if 
required. 


SELF-CLAMPING BAR JIG 


To simplify the drilling of radial holes to close 
limits, Messrs. S. H. Bridson Limited, Bristol, have 


designed the BRIDSON self-clamping bar jig. Suitable 


for both the individual job and quantity production, it is. 


a precision tool for use by skilled craftsmen and yet so 
simple in operation that semi-skilled labour can be 
used on repetition work. 


fe 


The jig is composed of two vee blocks, one carrying 
a stout angle bar in which the drill bush is fitted, the 
other being used for support to ensure correct alignment 
when bars or tubular members are being drilled. A 
stop bar which can be set at any required distance 
within its limits passes through the centre of the larger 
vee block and is calibrated for ease of reference. 
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The angle bar is attached above the small or large 
vee block, whichever is the most suitable for the size of 
the component. The small vee block is moved along 
the tie bar to the most convenient position for effective 
support and locked. The end stop is then set and 
locked at a distance from the centre of the angle bar 
corresponding to the distance from the end of the com- 
ponent and the required position of the hole. The 
drill bush of required size is inserted into the Angle Bar. 
The jig is now ready for use. After the component is 
loaded, pushed against the end stop and the angle bar 
screwed down to clamp the workpiece, drilling can 
commence, 


BLADE MILLING MACHINE 


A new type of blade milling machine developed by 
Sulzer Brothers, Winterthur, Switzerland, is a vertical 
copy milling machine with hydraulic control, rigid 
spindle and moving table. It is equipped with a normal 
cylindrical milling cutter which machines the whole 
length of the blades at one pass in a longitudinal direc- 
tion. The feed motion of the work table is a combined 
movement consisting of rotation at a freely adjustable 
speed and a longitudinal motion controlled by a cam. 
This cam, which determines the profile to be milled, is 


mounted on a second revolving table whose rotary and 
longitudinal movements correspond exactly with those 
of the work table. On the cam runs a roller which 
controls the longitudinal displacement of the two tables 
by way of a pilot valve and a servomotor in such a way 
that the roller remains exactly in its central position at 
all times. If the diameter of the roller is equal to that 
of the milling cutter, the profile milled is thus an exact 
reproduction of the cam form. In general two profile 
cams are used per blade, one being for the front of the 
blade aud one for the back. Blades up to approx. 
200 mm in length can be manufactured on these machines. 
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HYDRAULIC AND PNEUMATIC RELIEF 
VALVES 


The valves introduced by The Parker Appliance 
Company of Cleveland, Ohio, are available in five 
pressure ranges, i.e. 0-15, 10-50, 40-125, 115-250 and 
235-450 psi, and can be easily set by means of external 
adjustment to any operating pressure range involved. 
Adjustment is effected by positioning a threaded cap 
which determines spring pressure on the shut-off piston. 
The cap is sealed by a threaded follower ring which 
compresses an O-ring held in the cap. 


RUBBER TO 
METAL SEAT 


The shut-off piston is guided, making for quick 
unloading and smooth, silent operation. In the model 
for hydraulic application, the piston makes a metal-to- 
metal seat with the body. Another style is provided 
with an O-ring rubber-to-metal seat, for a positive seal 
where air and gases are used. Here, for added pro- 
tection, the piston is formed to enclose all of the syn- 
thetic rubber except that portion which actually seats. 


MICROPOSITIONER 


A power unit employed for positioning accurately 
over small distances in accordance with received 
pneumatic pressures is the ‘ Micropositioner,’” now 
being announced by Hagan Corporation, Pittsburgh. 


This new unit, employing a pneumatic pressure of 
60 psi, can accurately position a lever within a few 
thousandths of an inch, over a range of 0 to 0°5 inch, 
working directly, without use of mechanical linkage. 

Successful test applications indicate that the 
“* Micropositioner ” is well suited for positioning of oil 
burner tips, injection nozzles, governor gear on boiler 
feed pumps, and other applications requiring precise 
positioning. 
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DOUBLE END COUNTER BORE 


A new counterbore, with cutting edges at two end; 
instead of one, is announced by the Plan-0O-Kjj 
Corporation, Michigan. Called the Plan-co Double 
End Counterbore, the new tool is available in a complete 
range of sizes in high speed or with tungsten carbide 
inserts. Both single and multi-diameter styles are 
offered, with or without pilots. Two types of holders— 
collet and sleeve—provide for fast and easy tool re- 
placement and furnish a positive drive with runout of 
less than 0-002 in. 


Advantages claimed for Plan-co Double End 
Counterbores are: (1) twice the life of single end tools 
at only slightly more than single end tool cost; (2) 
longer operation without time out for sharpening since, 
when one end is dulled, the cutter is simply reversed 
and the other end is used; (3) less need for high tool 
inventories, as one Plan-co Counterbore does the work 
of two ordinary tools. 


“ HOLOPLAST ” STRUCTURAL MATERIAL 


This material was devised during the world war for 
bulkhead construction in British ships and improved 
upon the more traditional materials used hitherto 
from the point of view of structural strength and 
weight as well as being resistant to fire to a very high 
degree. Since the war, this structural plastic has been 
used increasingly throughout the British mercantile 
fleet and in many ships of other nations. 

Although this structural material was primarily 
designed for use on ships, it has, since the war, found a 
ready application on land for partitions of all kinds, 
walls, ceilings, sound and heat insulation, and for 
furniture. The structural qualities are exceptional and 
these, together with its hard-wearing decorative appear- 
ance and resistance to corrosion, make it ideally suitable 
in this respect. 


“‘ Holopast ” is essentially a structural material but 
there is a wide range of subsidiary applications ‘where 
it can undoubtedly be employed with advantage. In 
this respect, lining sheets of various thicknesses, 1n- 
cluding a flexible veneer, are produced by Messrs. 
Holoplast Limited, New Hythe, Kent, and form 4 
valuable ancillary to the structural panel. The photo- 
graph shows “ Holoplast”’ samples illustrating the 
girder method of construction. The perforated panel 
in the foreground is an acoustic panel filled with Kapok 
for sound absorption. 
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CLASSIFIED ABSTRACTS 


| Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
| included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 














ELECTRIC LINES 





The Designing of Transmission Conductors 


By M. VipMaR. (From Elektrotehnicki Vesnik, Fugo- 
slavia, Nos. 2 and 3, 1947, pp. 26-32, and pp. 54-59, 
5 illustrations). 


TRANSMISSION engineering is a comparatively young 
branch of electrical engineering, and is still without a 
generally accepted theoretical foundation. When con- 
sidering the various factors relative to the problem of 
designing conductors for power transmission, it is 
readily appreciated that they are very different in 
character and not easily reduced to a common denomina- 
tor. Above all is the very serious and dangerous 
corona phenomenon which is more important than the 
economical relations embodied in Kelvin’s law. Also, 
of course, there are voltage impulses set up by atmos- 
pheric charges, and travelling waves produced on the 
conductors in thundery atmosphere. These travelling 
waves are almost entirely reflected on the terminals of 
the transformers at either end of the line, and result in 
a doubling of the wave voltage. Practical experience 
and theoretical analysis of individual phenomena has 
shown how allowance can be made for any of them in 
the design of a transmission line, and how to guard 
against their inherent dangers. That the energy is 
transmitted in the form of travelling waves has led to 
the important conception of the natural power of a line. 
This natural power is a limit to the actual power that 
may be transmitted by a given line, and is equal to the 
square of the effective voltage divided by the character- 
istic impedance (or ‘‘ wave resistance ”’) of the line. 

Linking up the natural power with the economic 
current density, according to Kelvin’s law, and the 
requirements dictated by the corona effect, an acceptable 
theory of the conductor form is given for determining 
the critical (i.e. the maximum) radius of the conductor, 
which is of the order of 5mm. The hitherto neglected 
influence of the skin effect has also to be considered, as 
well as the technical difficulties, which make it necessary 
to use stranded transmission cables instead of a massive 
copper conductor. The stranded cables, while being 
handicapped by unsatisfactory utilization of the available 
cross-section, have a more favourable value for the 
ctitica' cross-section. However, their rough surface 
tends to enhance the occurrence of corona and therefore 
the permissible dielectric stress on the surface must 
be considered as being about 30 per cent lower than 
for massive conductors. Aluminium conductors have 
the advantage of a greatly increased critical radius and 
seem to be preferred for special cases of transmission 
problems, although they cannot be regarded as a general 
solution in all cases. 

It is interesting to note that for large power trans- 
mission hollow copper conductors had to be adopted. 
Their theoretical advantage has been found to be that 
the rigid connexion between the radius and the area of 
the cross-section is eliminated. The theory of the 
massive conductor so far developed allows for the 
determination of the requisite wall thickness of the 
hollow’ conductor which approaches, asymptotically, a 
limiting value of about 3 mm. The cross-sectional 
atea then varies with the outer conductor radius, and 
a complete solution of the problem is obtained in a 
surprisingly simple form. 
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ELECTROPLATING 


The Influence of the Depositing Conditions on 
the Hardness of Chromium Deposits and the 
Current Efficiency 


By W. EILENDER, H. AREND and E. SCHMIDTMANN. 
(From Metalloberfliche, Germany, Vol. 2, No. 3, 
March, 1948, pp. 49-52, 9 illustrations.) 


INVESTIGATIONS have shown that there are optimum 
plating solution temperatures for each specific current 
density at which a hardness maximum can be found. 
The present practice of plating at 55 deg. C irrespective 
of the current density, to obtain a Brinell hardness of 
900 is proved to be incorrect. Two different solutions 
were investigated through a temperature range from 
0 to 90 deg. C, and at current densities varying from 10 
to 100 amps/dm?*. The first solution contained 200 
gram CrO, per litre, plus 1 per cent H,SO,, and the 
second contained 200 gr. CrO; per litre, plus 1°8 per 
cent H,SiF, and 0:2 per cent H,SO,. Both solutions 
showed similar characteristics, but the sulphuric acid 
solution produced more pronounced hardness maxima 
for certain temperatures, whilst the mixed acid solution 
did not show the same sensitivity to temperature 
variations. 

The hardness maximum is reduced with increasing 
current densities up to approximately 100 amps/dm? 
and from there on remains practically constant. The 
highest maxima are obtained with low current densities 
and average bath temperatures. Hardness is reduced 
from these maxima by increased current densities and 
by increased or reduced solution temperatures. A 
definite relation between brightness and hardness can 
be found when using sulphuric acid solutions. With 
a mixed acid electrolyte the region of maximum bright- 
ness no longer coincides with the region of maximum 
hardness and is displaced into higher temperature 
ranges. The useful working range for hard-chromium 
deposits is higher with sulphuric acid electrolyte. 

The experiments also confirm that the current 
efficiency is increased by higher current densities and 
reduced by higher solution temperatures. 


FOUNDRY PRACTICE 


Moulding in Sand with additions of Cement 


By G. KNIAGININ. (From Hutnik, Poland, Vol. 15, 
No. 1, January, 1948, pp. 16-21, 9 illustrations.) 


Tuis article gives a short description of various methods 
used for moulding in cement. These require less 
capital investment, give a better finish, and are cheaper 
than moulding in sand. 

In all these processes it is best to use cement made 
from quartz the grains of which are never larger than 
0°45 mm. 75 per cent of the grains should be between 
0:2 and 0°3 mm and 25 per cent age Gelber and 0:08 








mm. Only a very s percentage e grains, and 
never more than 5 per cent may be Smaller than 0°08 
mm. Water should be added to the cement to bring 
its moisture percentage to about 5 to 8 per cent. 
The permeability of such a mixture is approximately 
100 cm*/cm*/min, and its tensile strength is 3 kg;cm?. 


1. Randupson’s Method. Instead of the usual mould- 
ing box a wooden frame is made. The pattern is of 
wood or a very light metal and it is advisable to paint 
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Foundry Practice—continued. 
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it with cement resisting paint. The cement mixture is 
deposited within. the wooden frame and iron wires are 
added to make the mould strong. This method is 
mostly used for moulding steel, it is 3-4 times faster 
than moulding in sand and may be carried out by semi- 
skilled labour. The only disadvantage of Randupson’s 
method is that it requires a very large space, because 
the mould has to be dried in the open air and takes 
three or four davs to do so. 


2. Goedel’s Method. ‘The patterns are made in the 
ysual way and must also be painted with cement resisting 
paint. Special oils are used which make it easy to 
insert and remove the ‘pattern from the mould. 
The moulds are made in the usual way, but cement is 
ued instead of the “‘ pattern sand.” The pattern is 
covered by a cement mixture 3 to 5 cm thick and filled 
with old used sand. For repairs the same cement 
mixture is used as fot covering the patterns. The 
cement mixture must possess a higher percentage of 
moisture. According to Goedel the advantages of his 
method are: 

(a) it is possible to produce better and more accurate 

castings, 

(b) the surface of the castings is cleaner, 

(c) it is cheaper than other methods, and further- 

more this method allows the old sand to be used 
over and over again. 


3. Ingendhol’s Method. Ingendhol has improved on 
Goedel’s method; instead of filling the pattern 
with sand, which normally contains some clay, 
quartz is used, and the pattern is covered with 
steel bars instead of cement. 


4. Gaebel’s Method or the so-called Quick Method. 
Normally the moulding sand has to be levelled, but with 
Gaebel’s method this is minimised because a rough 
pattern of wood, slightly larger than the required size, 
isused and the castings are removed while still hot. 


MATERIALS TESTING 


The Ultrasonic Testing of Welds 


By G. A. HomEs. (From Arcos Review, Belgium, No. 
106, July, 1947, pp. 2539-2552, 17 illustrations). 


IN principle, there are three methods for ultrasonic 
detection of faults in materials: (a) measuring the 
intensity of the ultrasound transmitted through the 
test piece, in which case sender and receiver heads are 
placed at opposite sides of the test piece, (b) measuring 
the intensity of the reflection which occurs when a 
fault intervenes in the path of the ultrasound, and -(c) 
measuring, by means of a cathode-ray tube, the time 
lag between the signal and the echo reflected from the 
fuult. While the third method has generally been 
adopted by British and. American engineers, Belgian 
designers have developed the first two methods which 
do not require the use of cathode-ray tubes; these 
methods are sufficiently sensitive for practical applica- 
tions. 

_ The apparatus developed in Belgium have the follow- 
ing characteristics: They consist of an electronic high 
ftequency generator (e.g. for 1 Mc/s) and a correspond- 
ing receiver which are either built as independent units, 
wt together form one unit. Either part is connected 
ty a flexible cable to a piezo-electric crystal mounted 
ina small test head, called the “‘ turgid vibrator.” 

The head connected to the generator emits ul- 
ttasonic waves; it is fitted with a “ turgescent ”” mem- 
brane which is put against the material to be tested and 
Which follows all the irregularities of the surface. For 
this reason it is not necessary to clean the surface before 
testing. 
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The transmitted or reflected ultrasonic waves enter 
the receiver head which also is fitted with a “turgid” 
contact membrane, and thus makes perfect contact even 
on a rough surface. The electric potentials produced 
by the ultrasound waves in the receiver crystal are 
amplified electronically and the variations of their 
intensity, which is a measure of the soundness of the 
test piece, can be shown in one of the following ways: 

1. By the deflection of the pointer of an indicating 
instrument. 

2. Acoustically through a loud speaker. 

3. By means of a light signal appearing when a 
point of maximum sound transmission is en- 
countered. 

. Bya relay actuating any required apparatus when 
a point of maximum sound transmission is en- 
countered. 

. By registering on paper or otherwise points of 
minimum sound transmission; in particular, the 
outline of laminations can be traced very accur- 
ately by this method. 

The article describes the construction of the appara- 
tus (which is portable) and shows photographs of the 
“turgid” vibrator heads and of the whole apparatus. It 
gives a description of its performance in general and of 
its application for the testing of welds in particular. 
The turgid test heads are especially valuable for this 
latter application and a number of practical examples 
of test results on welds are given, together with their 
corresponding X-ray control photographs. 


POWER PLANT ENGINEERING 





The Oceanographic Vessel “ Pierre-Idrac ” 


(From Fournal de la Marine Marchande, France, Vol. 
30, 10th June, 1948; p. 1022.) 


THE oceanographic vessel “‘ Pierre-Idrac ” now fitting 
out at Saint Nazaire will soon sail for the Gold Coast 
where hydrographic and oceanographic studies will be 
undertaken for the purpose of erecting a first electric 
power station utilising the thermal energy of the ocean. 
This plant will have an initial capacity of 50 million 
kWh per annum and will be built in the immediate 
vicinity of Abidjan—the terminal of the Abidjan-Niger 
railway—which is to be transformed into a large modern 
port. The power plant will produce large amounts of 
sea-salt as a by-product. When construction of the plant 
commences, the “ Pierre-Idrac” will be used in the 
installation of the large pipe through which cold water 
will be drawn from a depth of 500 metres below sea 
level. For this purpose the vessel is equipped with 
special lifting gear capable of handling up to 40 tons 
weight. 


” 





Concluded from page 214 


machine tool designers and will provide an impressive 
show of the achievements of British machine tool makers 
who have developed machine tools of the highest quality 
and the most advanced design which are in many cases 
equal if not better than American products. 

Some of the items to be exhibited are described and 
illustrated in the few pages we are able to devote, in 
this issue, to pre-viewing the forthcoming exhibition. 
Also an introductory article by Mr. W. J. Morgan gives 
details of the organization, the number of exhibitors, the 
value of the exhibits, and outlines the important part the 
British machine tool industry is playing in the export 
drive and in providing the tools for economic recovery. 

The main feature of our own exhibit at the Machine 
Tool & Engineering Exhibition will be a huge replica of 
“ The Engineers’ Digest ” made up of aluminium sheets, 
the pages of which will be turned by a specially designed 
magnetic device. 
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TEE MACHINE TOOL AND ENGINEERING 
EXHIBITION 


By W. J. MorGaNn, M.B.E., A.M.I.Mech.E. 


Tue Machine Tool & Engineering Exhibition to be held at Olympia, London, from the 

26th August to the 11th September this year is an important event from more than one 

point of view. It is important to the machine tool industry of this country for it is the 

first time that they have had an opportunity of putting their wares in the national shop 

window for fourteen years. This does not indicate any lack of zeal on the part of the 

Machine Tool Trades Association, who are the organisers, but is a measure of the“frustra- 

tions which machine tool manufacturers have encountered for so many years against 

their efforts to do their normal job of equipping industry for production. There was to 

have been an Exhibition in 1938. It was postponed to 1940 because of the re-armament 1948 
programme. It was not held in 1940 for reasons only too well known to all. M ACHINE TOOL 


It would be wrong to suggest that during all these years the machine tool trades AND ENGINEERING 
of this country have been idle. It is an acknowledged fact that the prosecution of the EXHIBITION: LONDON 
war on a full scale had to wait for the provision of a sufficient number of machine tools OLYMPIA 26 AUG. ~ 11 SEPT. 
to produce all the paraphernalia of war and it is our industry’s proud boast that 73 per 
cent of all Britain’s machine tool requirements for war purposes were made in this country whilst, in addition, vast 
shipments were made to our Allies. At the same time the importing section of the industry did a noble job. 
Before the official buying organisation had got into its stride the importers took great risks to ensure that 
the products of their principals overseas were bought and shipped to Britain on a scale undreamt of in normal 
times. Whilst war resulted in a tremendous increase in machine tool production, development of new types 
(apart from officially sponsored special war purpose designs) was halted. This, however, did not dull the genius 
of the machine tool designer and tremendous strides have been made since the war restriction on the development 
of new types was removed. Whilst actual research and development were put into cold storage, methods of production 
were nevertheless vastly improved and the industry is to-day a better one for its experiences of war-time production. 


The industry’s export trade had necessarily to be brought under drastic control during the war. Pre-war exports 
represented about a third of total production. War time exports were limited to quantities and destinations strictly 
limited to the prosecution of the war and the defence of the Realm. The recovery has been spectacular and in 1947 


£10} million worth of machine tools were exported out of a production amounting to £26} million. The export for 
1948 has been officially fixed at £20.4 million and production this year is running at well over £30 million. Our over- 
seas visitors are reminded, in the most friendly terms, that the achievement or otherwise of this British export target 
depends to a very large extent on the removal of import restrictions operating in their own countries and not on any 
unwillingness on the part of our manufacturers to trade with them. 


The Exhibition will be international in character for it has always been a principle of the Machine Tool Trades 
Association to welcome the demonstration side by side with British products of the best that our overseas competitors 
can produce. General imports of foreign machine tools have necessarily been restricted since the war, due to the 
notorious currency difficulties, but the Association is glad to announce that special arrangements have been made 
with the Import Licensing Authorities to enable the Importers’ Section of the Association to do something like justice 
to their principals’ products. Machine tools not normally granted import licences will be on view under these special 
arrangements. 


The Exhibition will be the largest of its kind ever held in this country. Actual exhibition space exceeding 200,000 
sq. ft. will be occupied by machine tools and ancillary equipment. By the cordial co-operation of the Olympia authori- 
ties adequate electric power will be available so that machine tools will be seen running under power and operating 
under production conditions. There will be 222 Exhibitors, of whom 167 are Members of the Machine Tool Trades 
Association. The value of exhibits will exceed £3,000,000. The Association demonstrates by committing itself to 
this vast Exhibition its belief that present day difficulties are a passing phase. There may be those who will be critical 
of the policy of putting goods in the shop window, so much of which must be exported and for which in so many cases 
long deliveries must be quoted, especially for home use. The machine tool manufacturer is by the very nature of 
things one who works for the future and it will be one of the objects of the Exhibition to give the industrialist a renewed 
desire for the very best equipment that money can buy and to convince him that the best is worth waiting for. 


Britain could never have achieved her greatness in the industrial field without her machine tool makers, for without 
“the machines that make the machines ” the visions of inventors would have remained unfulfilled. The cry to-day 
is for greater, better and cheaper production and it is the function of the machine tool industry to provide the means 
of giving practical effect to this ambition. In the pages of this publication are described some of the modern industrial 
weepons with which the war against industrial stagnation will be waged and won. Whatever the difficulties, whatever 
the discouragements, the call is to industrialists throughout the world to back the efforts of the machine tool makers 
to ensure a constant advance in industrial efficiency and to insist on the constant overhaul and replacement of their 
plants for greater production of better goods at less cost. 
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Gas Fired Furnaces - 


Illustration shows a battery of batch type town gas fired Deep 
Recuperative Furnaces used for the carburisation of automobile 
components. The Furnaces are provided with full automatic 
control, and an electrically operated heavy duty charging 
machine ensures efficient handling of the work. We also design 
and manufacture furnaces and allied equipment for all industrial 
purposes. Incandescent furnaces range from small muffle units 
to large continuous plants, and may be fired by gaseous, 
liquid or solid fuel. 


Consult Incandescent on all your heat treatment problems. 


THE INCANDESCENT HEAT CO. LTD. 


SMETHWICK - BIRMINGHAM. Telephone: SMEthwick 0875 (8 lines. 
London Office: 16, Grosvenor Piace, S.W.|. Telephone: SLOane 7803 & 9818. 
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J.B. BATY & CO., LTD. will be showing a variety of 
gauges and measuring equipment on stand No. 212 
National Hall Gallery. The ‘“‘ Manvers ” Adjustable 
Plug (;auges (Fig. 1) can be used to measure the bore 
by simply measuring the diameter of the protruding 
demerits. The four hardened and ground gauging 
elements which are spring loaded, can be easily adjusted 
to any size with micrometer, slip gauge set-up, or ring 
gauges, Or hole of known diameter and quickly and 
securely locked in position. Sizing, checking centre 
distances and inspection are some of the practical 
applications. They can be used as nominal or limit 
gauges, thereby eliminating a considerable number of 
standard or special sizes. The range of adjustment 
on each gauge is 0.2 in. 


The Westminster No. 1 and No. 2 Projectors shown 
are suitable for a vast range of work including screw 
and form gauges, taps, hobs, form tools, plain contour 
gauges, gears, etc. ‘They are of the horizontal type with 
the advantages of a large field, wide range of magnifica- 
tions and superb definition. Up to 50 magnifications 
no dark room is necessary as light from other sources 
than the projector cannot fall directly on the screen. 


* 


THE 600 GROUP will have five stands, of which two 
have been taken by George Cohen, Sons & Co., Ltd., 
the parent company, and one each by T. C. Jones & Co., 
Ltd., The Selson Machine Tool Co., Ltd., and Metal- 
clad Limited. All power-driven machines will be run- 
ning. 

GEORGE COHEN, SONS & CO., LTD. A wide 
range of Continental machine tools representing Pegard, 
G.S.P., Imperia, Mondiale, Demoor, Jaspar, and Raskin, 
will be shown. 

A comprehensive selection of first-class British 
sheet metal working machines representing Rushworth, 
Kendrick, Keeton, Coborn and Coborn Wadley, and 
Norton, will also be on view. 


T. C. JONES & CO., LTD. will show a range of 
lathes—Colchester, Milner, and Harrison; millers, 
shapers and drills by Denbigh, Victoria, Invicta, Alba 
and Progress;- and ‘‘ Speedax” and ‘“ Swiftcut ” 
hacksaws and bandsaws. Also the new “ Speedisery ” 
hand-operated keyway broaching set operating in con- 
junction with Arbor Presses. The ‘“ Speedisery ” 
efects a great saving of time, since keyways can be cut 
in one minute as against nearly one hour with ordinary 
slotting machines. 

A'so exhibited will be portable electric power tools, 
tngineers’ small tools, cutting tools, fine measuring 
tools machine tool accessories, and general workshop 
equipment. 


THE SELSON MACHINE TOOL CO., LTD. 
Among the new and outstanding machine tools to be 
exhibited are the Stivin Hardening Equipment, the 
Cleveland 2!/, in. Dialmatic Model “AB” Single 
Spindle Automatic, the Cleveland Model 400 Universal 
Diecaster, and the 150 ton Henry & Wright Dieing 
Machine, together with a wide range of grinders, 
millers and shapers. 
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METALCLAD LIMITED is exhibiting twelve 
machines selected from the range of woodworking 
machinery which they manufacture, illustrating the 
great advances which have been made in recent years 
in woodworking speed and accuracy. 


K. & L. STEELFOUNDERS & ENGINEERS, LTD., 
Letchworth, will show The Jones “ K.L.44” Mobile 
Crane, the latest model in the Jones Crane range. It 
has a maximum lifting capacity of 4 tons, combined 
with easy manoeuvrability. The 36 in. x 8 in. pneu- 
matic-tyred model is fitted with restrictor rings which 
are exclusive to Jones Cranes and greatly increase the 
bearing area on soft ground. A specially designed 
cabin permits an all-round field of vision. It is powered 
by a radiator-cooled Diesel engine with a hoisting 
speed ranging from 40 ft. per minute for 4 tons to 
160 ft. per minute for 1 ton. 


The Jones * K.L, 22” Mobile Crane is virtually 
a smaller model of the ‘‘ 44,” capable of full circle 
slewing on a steel race-path with hook rollers, giving 
ideal distribution of loads within the structure of the 
machine. 


The Jones “ K.L.15 ” Mobile Crane represents a 
new departure in crane construction, combining great 
mobility and the compactness hitherto only associated 
with portable cranes. It can either hoist and slew, 
or hoist and travel, under its own power, and is there- 
fore ideal for moving medium loads over a fairly ex- 
tensive site. 

It is powered by a 6 h.p. Browett-Coborn air-cooled 
petrol engine, and will hoist 15 cwt. at speeds up to 
70 ft. per minute, with slewing speeds up to 4 r.p.m. 
and travelling speeds up to 150 ft. per minute with fuli 
load. 

* 


THE COVENTRY GAUGE & TOOL CO. LTD. 
will display, in addition to their complete range of 
“ Matrix” gauges, measuring instruments, jigs and 
fixtures to be shown on the stand of the British Engineers’ 
Small Tools & Equipment Co., on their stand No. 111 
entirely new machine tools which will be exhibited 
for the first time. These machines will include the 
No. 40 High Speed, High Precision Gear Grinding 
Machine; the No. 51 Thread Milling Machine and 
the No. 50 Optical Jig Boring Machine. 

To better the high standard of design and construc- 
tion which manufacturers of Jig Borers have attained 
during the last decade, was a task which the Company 
set itself when first the ‘ Matrix’ No. 50 Optical Jig 
Boring Machine was considered. After much delibera- 
tion and experiment the column type was finally 
adopted. 

The outstanding reasons which lead to this decision 
were (a) That irregularly shaped work could overlap 
the table and yet be accommodated. (b) That the 
working design lent itself to complete enclosure of 
vital parts. (c) That the clean design enables all con- 
trols to be grouped at the front of the machine and 
within easy reach of the operator. (d) That by sturdy 
construction the possibility of frame distortion could be 
entirely discounted. 

The general construction thus adopted lead to the 
consideration’ of an optical system for measuring the 
displacement of the table. This problem was thorough- 
ly investigated and proved possible by Messrs. Hilger 
& Watts Ltd., who were called in to pool their extensive 
optical experience with the Company’s long standing 
mechanical knowledge. 

By virtue of the special design of this machine and 
the elimination of a lead screw, the drawbacks of lead- 
screw end bar types do not apply. Setting devices 
such as end bars which are subject to wear have also 
been dispensed with. The glass scales are made from 
special high expansion glass having the same co-efficient 
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No. 3. Capstan Lathe with over-arm chasing attachment. Bar 
capacity up to 2’ diameter. Four other sizes for =", 3", I” and I4’, 
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capstans one of the fastest producers made. This claim is proved in practice 
and is a result of over 40 years’ specialised experience. Five sizes cater for 
bar diameters from 3” to 2”. 
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The Matrix No. 50 Optical Jig Borer. 


of expansion as steel. Although for accurate work, it 
is advisable to maintain the machine and components 
at the standard temperature (68 deg. F or 20 C), it is 
not essential provided that the machine and the work 
are at the same constant temperature during the process 
of machining ferrous metals. 

In order to ensure complete rigidity, the machine 
is exceptionally robust in construction. The castings 
are of seasoned cast-iron, liberally webbed and the 
weight of the whole frame is carefully distributed. It 
is, therefore, capable of carrying extremely heavy work 
for both boring and milling without fear of distortion 
or loss of stability. 

The spindle head, which can be rapidly positioned 
by power, houses a large diameter quill and spindle. 
The spindle is mounted on precision ball races and the 
nose is designed with an internal and external taper. 
The spindle drive is from a hydraulic motor and can 
be transmitted either. directly or through back gears. 
The direct drive is gearless giving stepless variable 
speeds up to 2,000 rpm thus catering for fine and high 
speec boring with cemented carbide or diamond tipped 
tools. The back gear drive is for fine milling. Means 
are provided for accurately measuring the travel of the 
quill by the use of slip gauges in conjunction with a 
built-in dial indicator. 

The work table is mounted on compound slides, both 
of which can be hand or power operated giving an 
infinitely variable feed traverse for milling. The 
vatious feed rates and directions are all controlled from 
4 single position lever operating in a gate, while two 
other knobs on the front apron, control, (1) The feed 
for rilling ; (2) The speed of the spindle. A con- 
veniently placed handwheel is for the final setting or 
hand operation of the table. 

The optical measuring system, by Hilger & Watts 
Ltd., enables the lateral and transverse movements of 
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the table to be viewed on two large illuminated scales 
and settings can be made in either direction directly 
to within -0001 in. 

Readings are projected through a lens system from 
glass scales attached to the table and the base on to 
two-glass screens which are equipped with optical 
verniers for fine setting. The complete unit is mounted 
at the front of the table and is protected from damage 
by armour plate glass. The glass scales are indestruct- 
able and not subject to wear. In addition there are 
visual external scales on both slide movements for 
appropriate checking and setting. Balance locks clamp 
the slides securely in position without causing move- 
ment to the setting. 

The complete table unit has been designed so that 
coolant can be used during boring and drilling to over- 
come the inaccuracies resulting from local heating of 
the work. A deep channel surrounds the table con- 
necting to the base and coolant tank, which maintain a 
free circulation of the coolant and, at the same time, 
provides an efficient means of chip disposal. 

There are no motors or mechanism below the table 
to cause heat or disturb the accuracy of the machine. 

The main drive unit, including the driving motors 
for the spindle and the feed is housed at the rear of the 
column. The complete unit stands apart from the 
main casting and the drive is by means of anti-vibration 
couplings. The transmission of heat and vibration 
from this source is thus eliminated. 

Electrical equipment includes all built-in controls 
and transformers for the optical unit. 


* 
HEENAN & FROUDE LIMITED, Worcester, will be 
exhibiting the Heenan Automatic Wire and Strip 
Forming Machines and the Heenan Automatic High- 
Speed Nail Press with many recently incorporated 
improvements. An entirely new tooling technique 
makes it possible to produce two or more complete 
components simultaneously direct from coiled stock. 
The Automatic Wire Forming Machine (Fig. 1) shown 


Fig. 2. Automatic Strip Forming Machine. 
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i at the Exhibition will be of this type, feeding two wires 
together and forming two components simultaneously, 
thus doubling the rate of output. 

The Automatic Strip Forming Machine to be 
exhibited (Fig. 2) will be producing valve shrouds with 
double-locked seam. Fig. 3 shows the various stages 
of forming diagrammatically. Previously it has been 
necessary to produce this component by up to twelve 
separate press operations. Now, however, this and 
other similar components can be completely formed in 
one pass through the machine. The rate of output in 
the case of the valve shrouds is 70 completed compo- 
nents per minute direct from coiled stock. 

One of the range of Heenan Automatic High-Speed 
Nail Presses, producing nails at the rate of approxi- 
mately 550 per minute, will also be demonstrated. 


* 

JOHN HOLROYD & CO., LTD., MILNROW, 

LANCASHIRE, will exhibit at Stand 31a the following 

machines of which the Special Slab Milling Machine 

herein described is of entirely novel construction. 

Worm Gear Pitch Testing Machine. 

Worm Gear Profile Testing Instrument. 

Worm Gear Centre Distance and Backlash Testing 
Machine. 

Special Slab Milling Machine, for gang or face milling. 
Spindle drive throug’: enclosed gearing, with pick-off 
gears for speed variation from constant-speed motor. 
Balanced headstock with manual vertical adjustment. 
Overarm moves clear of work for face milling. Table 
has power feed and quick return, adjustable auto- 
matic trip and hand traverse. 

Special Auto Thread Milling Machine, for semi-automatic 
milling of multi-start External threads by use of a 
single cutter. Traversing table controlled for pitch 
and number of starts by synchronized cams. Cutter 
head provided with preloaded gearing, with slip 
change gears for speed variation from constant speed 
motor. Separate motor for feed and backing-out 
motion. Rapid change over of cams. Motordriven 
lubricant pump. 

Oil Grooving Machine, for cutting internal and external 
oil zrooves in bushes and shafts. Will cut straight or 
spical grooves with 0, 1, 2 and 3 crossings or multiple 
crossed grooves. Special attachment for tapered work. 

Woodworkers’ Tool Grinding Machine for sharpening all 
woodworking tools except saws. Special internal 
diling system for self-cleaning fine oilstone. Two 
spindles carry coarse and fine oilstones, and a conical 
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wheel, emery wheel and stropping wheel respectively. 
Ball-bearing spindle drive through totally enclosed 
gears from constant speed motor. 

A selection of worm and other gears, ‘‘ Spuncast 
Holfos ” cored and solid bars and phosphor-bronze 
castings, will also be exhibited. 


Us 


The “ Holroyd” Special Auto Thread Milling Machine. 


E. H. JONES (MACHINE TOOLS) LTD. will exhibit 
on four large stands Nos. 105, 106, 109 and 110, facing 
the main entrance from Addison Road, many British, 
American and European machine tools, nearly all of 
which will be under power, producing live components. 
Measuring plant and small equipment will be shown 
on stand 243, Grand Hall Balcony, Approximately 
8,000 sq. feet will be occupied by the E.H.J. exhibits. 
Many items will be shown for the first time in an 
exhibition. 

A pre-exhibition description with illustrations of 
most of the exhibits has been published in the May 
issue of “‘ Modern Times,” copies of which can be 
secured on request. 
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A “HIGH SPOT” of the 
MACHINE TOOL & ENGINEERING 
EXHIBITION ... . 


E. H. Jones (Machine Tools) Ltd., occupy some 
8,000 square feet in the Grand Hall, Olympia, 
displaying a comprehensive array of machine 
tools, presses, instruments and general equip- 
ment. Visitors are invited to inspect the 
range of high grade British and American 
machines which will be seen in operation and 


to discuss their own manufacturing problems 
with our engineers and demonstrators. 


The E. H. J. section of the Machine Tool & 
Engineering Exhibition faces the main entrance 
from Addison Road with a second display on 
the adjacent balcony. 


We shall be happy to assist visitors in 
every way, do not hesitate to approach us... 


OLYMPIA, LONDON, AUG. 26—SEPT. 11 


STANDS 105, 106, 109, 110 and 243 


GRAND HALL 
(FACING MAIN ENTRANCE FROM ADDISON ROAD) 


EH Jores 


Colindale 7OI| (Fetgelah fete) em F-11-s al Molate lola 
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We ‘ist here some of the exhibits scheduled for 
display. In the C.V.A. range there will be included 
No. 8, |2 and 20 Automatic Lathes ; Semi-Automatic 

Second Automatic Lathe; No. 1 Lathe; ? in 
ynd 14 in Drilling Machines; 10-ton and 25-ton 
Dieing Yresses ; Hydraulic Portable Tables; Chucks 
ad Motors; Kearney & Trecker 2D Rotary Head 
Milling Machine, E Plain Miller and E Universal Miller. 
The E.H.J. range will include Punch Shaper ; Tapping 
Machines ; Bandsawing Machine; Filing and Sawing 
Machine; 124 ton, 25 ton and 40 ton Unit Power 
Presses. The impressive range of Lathes shown include 
Murad and Halifax Bench Lathes; Rapidia 12 x 38, 
14 x 48 and 17 x 54 Lathes; Lodge & Shipley 
Automatic and Selective Head Lathes. 

Exhibited will also be the Sigma range of Fine 
Measuring Instruments and Multi Inspection Plant ; 
Gray Vernier Gauges; Offen Internal Micrometer 
Gauges, Micro Adjustable Boring Bars, Boring Heads, 
Laps and Grinding Fixtures, ‘““ W ” Type Ball Joints 
and a New Style Toolmakers’ Vice, 


* 

H.W. KEARNS & CO., LTD., BROADHEATH, NR. 
MANCHESTER, will be demonstrating at their stands 
\29 and 247 an impressive range of Horizontal Surfacing 
and Boring Machines. Eight machines will be shown 
fin actual operation. The Standard Surfacing, Boring, 
Milling and Drilling Machine is a recently developed 
al electric high-speed medium size machine for use 
where facing operations predominate. The Horizontal 
Boring, Milling, Drilling and Tapping Machine is de- 
signed to handle a wide range of workpieces demanding 
a medium duty high-speed plain spindle machine. 
The Tool Room Boring Machine incorporates many 
detail refinements; it is capable of machining one- 
piece jigs and fixtures with full support, mostly at one 
setting. The Kearns Patent Surfacing, Boring, Milling, 
Drilling and Tapping Machine is a modern powerful 
tool for a wide range of machining operations ; it is 
a completely redesigned machine of the combined 
facing chuck and travelling spindle type. An extremely 
powerful machine, the No. 2 size Standard Surfacing, 
Boring, Milling and Drilling Machine is particularly 
suitable where heavy facing operations predominate. 
Designed for heavy and accurate machining operations 
the No. 5 size Kearns Patent Surfacing, Boring, Milling 
and Tapping Machine is regarded as one of the most 
modern machines of its type. For machining small 
components in production or the tool room two Collet 
Model and the Facing Chuck Model of the S Type 
Surfacing, Boring, Milling and Drilling Machines will 
be exhibited. 


F, PRATT & CO. LTD., HALIFAX, will exhibit in 
addition to their standard range of ehucks the 32 in 
diameter independent 4-jaw lathe chuck shown in the 
accompanying illustration. It is a new design built 
to suit the exacting demands of the most powerful 
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take any stress and is fitted with base jaws on to which 
special shaped gripping jaws for holding awkwardly 
shaped castings can quickly and easily be fitted. Sta- 
tionary Air Cylinders and Pneumatic Vices will also be 
exhibited. + 


DOWDING & DOLL LTD. will be exhibiting four 
machine tools made by Matterson Ltd.; three gear 
generating attachments and a new thread miller. The 
attachments are well known, though still unique, for 
cutting spur or bevel gears on standard shaping machines. 
The teeth are correctly generated to true involute form. 
These attachments are the only means at present 
available for cutting interrupted pitches. 

The thread miller will be a development of the 
No. 1, 2, 11 and 12, so well known during the war for 
their high production rate. The new machine will 
incorporate four new features. It will have a sine 
bar leader arrangement for all threads down to the 
finest pitch without extra equipment and automatic 
features covering the full cycle of operation except 
loading. 1} in. length and 8 T.P.I. will remain the 
coarsest thread handled, but there is a 3 in. hole through 
the work spindle and a wider feed range from 10 seconds 
to 6 minutes. 


THE SCOTTISH MACHINE TOOL CORPORA- 
TION LTD. will exhibit two machines which are, 
however, amongst the smallest manufactured by the 
Corporation. A copious selection of Photographs of the 
larger machines will be available. 


Fig. 1. 

One of the machines shown is a “* Bennie ” Splitting 
Shear with Punch, Bar, Angle & Tee Bevel Cropper, 
with a Notcher fitted (Fig. 1). This is of steel plate 
construction, which is constantly proving its worth ; 
all working parts are of steel. 1 in diameter holes 
may be punched through 3 in thick mild steel plates, 
and plates of this thickness and unlimited length may 
be sheared. The Cropper has the following capacity ; 
at 90 per cent angles and tees up to 44 in x 4$in x }in, 
and at 45 deg. angles up to 34 in x 34 in x § in and 
tees up to 3 in X 3 in x $ in. Rounds and squares 
up to 1% in can be cleanly cut and notches made in 
plates, channels and joists up to % in thick. Efficient 
holding-down gear and stops for bevelling are provided. 
The Notcher has a guard to give protection to these 
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Manufacturers 


whose products are subject to 
VIBRATION are today safeguardin 
their REPUTATION and GOODWIL 
by fitting .. . 








VIBRATION-PROOF 
SELF-LOCKING NUTS 








THE whole world 
of engineering and of 
industry—from Shipbuilding to Miniature 
Radio —is proving by its own Tests 
and Time Study Investigations the very 
real ECONOMY and EFFICIENCY of 
PHILIDAS Self -Locking Nuts — The 
nuts with a “ Steadfast ” Purpose. 











We will gladly send literature 
and samples for test. The 
Philidas Technical Research 
Dept. is at your Service. 


PHILIDAS LTD. 
Bath Road, Harmondsworth, Middlesex 
Telephone: West Drayton 300! (3 lines) 
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DROP FORGING EQUIPMEN] 








1000 Ib. Self-Contained = 
Motor-Driven Board Hammer E 








BRETT’S PATENT LIFTER Co. Ltd 
FOLESHILL WORKS - COVENTRY - ENCLAN 


TELEGRAMS : LIFTERS COVENTRY. 
TELEPHONE: 89038 COVENTRY. 


THE ENGINEERS’ DIGES! 
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ools when not in use. The machine has a compact 
motor drive arrangement, using a 6 H.P. motor driving 
hrough vee ropes. 

The other exhibit is a “ Craig & Donald” press 
which is designed to exert a pressure of 50 tons and has 
blanking stroke of 1 in. It is typical of the Corpora- 
tion’s range of open-fronted presses and is the smallest 
size made, the largest of this particular type being 150 
tons. ‘The design was specially prepared to apply the 
latest principles of modern machine tool construction 
to the field of power presses, and the streamlined frame 
of box section contains all the mechanism, from the 
motor drive, through the flywheel, clutch and gearing, 
to the press slide itself. In order to provide accessa- 
bility for easy adjustment and maintenance, large 
inspection doors are provided at the front and back. 
The press is controlled by a push button operated 
electro-pneumatic friction clutch of the shockless multi- 
plate type. It has a cast frame, but the larger sizes of 
the series have welded steel frames, as have the one and 
two-point presses up to 1,500 tons which are the chief 
products of the Corporation. All the larger sizes have 
four-piece, tie rod, safety frame construction. The 
method of control of the press shown is also typical 
of the heavier machines. 


THE SHEFFIELD TWIST DRILL& STEEL CO., 
LTD., SHEFFIELD, will 
be showing representative 
ranges of High Speed Steel 
Twist Drills, Reamers, 
End Mills, and similar 
small tools. The range of 
Dormer Screw Extractors 
manufactured by this com- 
pany will also be shown. 
These Extractors provide 
aready means of removing 
broken screws without re- 
sorting to chipping. All 
that is necessary isto drill 





Ltd 
LAND 









a hole endwise in the 
screw, insert the largest 
possible size of extractor 
and, using a tap wrench, 
turn in an anti-clockwise 
direction. The corkscrew 
teeth bite into the screw 
and removal can be effect- 
ed without damage to the 
thread in the hole. Seven 
sizes of extractor are 
available, covering screw 
sizes ranging from 1/, in. 
to 1 in. diameter, the size 
of drill used for the preli- 
minary operation varying 
from °/,, in. to 17/5, in. 
diameter. 


Dormer Screw Extractor 


* 
TIMBRELL & WRIGHT ALL ELECTRIC HIGH 
PRODUCTION CAPSTAN LATHES. 

THE new series of Timbrell and Wright high-speed 
capstan lathes comprises five models with bar capacities 
of */, in, 5/,, 1 in, 11/, in and 2 in diameter. The claim 
for greater output per machine-hour is based largely 
on the attention given to relatively small details, as 
described herein. 

A clean external appearance reflects the tidy arrange- 
ment of concealed mechanisms which are completely 
protected whilst being easily accessible. Economy in 
use starts here, the smooth surfaces being quickly 
cleaned and production time little encroached upon. 
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T & W No 3 Capstan Lathe with Chasing Attachment and 
automatic feed to turret. Bar capacity 2” dia. 


The very advanced arrangements for starting, 
stopping and reversing—all foot controlled through 
two pedals at the front of the cabinet—free the opera- 
tor’s hands for other purposes. Second operation and 
chucking work benefit particularly, as loading and un- 
loading times are reduced to a minimum by rapid 
stopping, obtained by arranging that the first touch on 
the left-hand pedal switches off the specially designed 
two-speed squirrel cage induction motor and causes 
the brake to operate simultaneously on the motor shaft. 
As this pedal, when fully depressed, reverses the rota- 
tion (by phase changing on the motor) the operator 
quickly learns to stop the lathe even more quickly by 
bringing the reversing mechanism momentarily into 
operation. Incidentally, when it is necessary to re- 
verse—as when screwcutting—the brake assists rapid 
reversal, cuts down heavy amperage, reduces current 
surges and protects the electric control gear from over- 
loading tripping. 

Further quickening of acceleration and declaration 
results from the keeping of moving parts to a low 
number and reducing their mass by employing light 
alloys. All electrical gear is housed in the cabinet base, 
forming an integral part of the machine, and the main 
control panel inside the cabinet has mechanical inter- 
locks to prevent the engagement of two sets of contacts 
at the same time. Overload protection is given on all 
three phases, together with no-volt protection. The 
main control panel is inaccessible until the main isola- 
ting switch is opened. The completeness of the 
electrical equipment makes each machine ready for 
immediate installation when delivered. 

The spindle (hard-chromed on its wearing surface) 
runs in roller and pre-loaded ball bearings in order to 
cut end clearance to the bare minimum and to guarantee 
the longest possible bearing life without end play. The 
complete assembly of the spindle, cone pulley and 
gears is perfectly balanced. 

The Automatic collet chucks are of the push-forward 
type to ensure that the bar-stock or workpiece is firmly 
held against the stop in the turret. Adjustments in 
the operating mechanism allow for size-variation in 
bar or workpiece, and wear is minimised by relieving 
revolving surfaces of pressure when in the closed or 
locked position. Operator-fatigue is appreciably re- 
duced—particularly where collet opening and closing 
is frequent—by the balanced toggles which operate 
the collet positively. The centrifugal forces at both 
ends of each toggle become self-cancelling and the 
springs, not having to overcome centrifugal force, are 
made much weaker than those for unbalanced toggles. 
Collet-operation may be controlled pneumatically or 
by hand. The Timbrell and Wright over-size master 
collets (for gripping castings, stampings, etc.) need no 
extra mechanism; they are arranged to operate by hand 
or air in exactly the same way. 
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BRITISH INDUSTRIES FAIR 
LONDON & BIRMINGHAM 


INTENDING EXHIBITORS 
should apply for space by 
9th August, 1948. 


Manufacturers who have not received 
an application form should apply 
at once : 


for the London Section to 
EXPORT PROMOTION DEPARTMENT, 
BOARD OF TRADE, 
27 OLD QUEEN STREET, 
LONDON, S.W.1 


or for the 
Engineering & Hardware Section to 
BIRMINGHAM CHAMBER OF COMMERCE, INC. 
95 NEw STREET, 
BIRMINGHAM 2. 
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The hand and pneumatic controls also open and close 
he 2 anc 3-jaw chucks of Timbrell and Wright design 
nd make. These chucks are available in three sizes, 
jn, 7'/, in and 9 in and in two models—with strong 

%/,, iN movement on each jaw; with light 

‘/, in movement on each jaw. The former is 

r such heavy duties as machining steel forgings, 

uc, Tie latter type saves much time by speeding the 

ding and unloading of awkwardly shaped light 
ampings and castings. 

Whether chucks or collets are in use with pneumatic 
ontrol the final grip on bar or workpiece is mechanically 
gsitive and independent of the air supply, failure of 
hich would not release the job. ; 

The new automatic bar feed mechanism is quick 
cing and instantly adjusted to suit feed pressure to 
rying diameters and lengths of bar and to the diminish- 
ng bar weight as work proceeds. Simple mechanism 

s the best use of the constant pressure gravity 
eed principle, a momentary touch of the left-hand 
pontrol lever applying the exact amount of compensating 
fictional pressure. After retracting the feed plunger 
gto the steel guard tube by turning the handwheel, 
ow bars are quickly loaded from the headstock end 

9 the tube, which completely encloses the bar and 
las an anti-friction lining to deaden noise to a low level. 

he tube swings forward from the spindle centre line 
loading and automatically registers in the correct 
position when swung back. The feed plunger (with 
thrust) feeds all bars right up to the gripping 
portion of the collet, avoiding waste of useful bar ends 
hether feeding automatically or by hand (using the 
ndwheel with weights disconnected). Factory floor 
pace is economised by forming guard tube supports 
§ storage racks for spare bar-stock. 

Each size of capstan lathe in this new range is fitted 
ith a 2-speed reversing motor and may be supplied 
ith or without a 2-speed constant mesh gear box, 
Ithough the former is considered normal. Machines 
ith gear boxes have 4-speed changes (approximate 
fatio 1/2/63/124), both forward and reverse, operable 

hilst the spindle is running as they are obtained either 
ically or through multi-plate oil immersed friction 
flutches. Three speed-groups, each subject to these 
our changes, make a total of twelve forward and twelve 
verse speeds: the groups are changed by shifting 
“belts on 3-step cone pulleys. Lathes without gear 
boxes have six changes, forward and reverse, in three 
gtoups of two. 
V-belt tension is adjusted in a few seconds by turning 
a crank which is accessibly placed close to the cabinet 
front cover. V-belts in the final drive to the spindle 
damp out any slight vibration—inseparable even from 
high quality gearing—and ensure a smooth fine finish 
to work. Steady running is also assisted by housing 
all drive mechanism as low as possible in the cabinet. 
The hexagon turret has six tool holes, one being 
enlarged to accept a die-head: all the holes are bored 
ftom the spindle after assembly. The automatic re- 
volving movement has six independent self-selecting 
stops and can be disengaged through a small trip lever 
the front of the bottom slide. The turret may be 
clamped to the slide; on the two largest machines the 
top and bottom slides can be locked together when a 
work steady is used in the turret. Locating strips are 
wide end long and taper strip adjustment is provided. 
_ Six rates of power feed to the turret are obtained 
with the same feed shaft speed, through a gear box 
which, with its two selector levers, is carried in the 
turret slide apron. All gears are hardened steel and 
the sliding gears are on splined shafts which run in 
ball bearings. The feed is engaged and disengaged 
by a light touch of the hand on the clutch control lever 
and each tool position has an adjustable automatic 
tip. Feed changing is speeded and simplified by 
direct-reading dials. 
The rigid cross-slide has long bearing surfaces on 
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the saddle, adjusting strips, and handwheel operated 
screw feed. The two open-sided tool holders are on a 
swivelling base and are easily mounted and adjusted. 
Tool height is regulated by a pair of wedges and a 
hinged guard prevents swarf interfering with the 
adjustable stops. The saddle has a long bearing on the 
strongly cross-braced box section bed and is fitted with 
steel strips and a long taper gib for adjustments. The tra- 
verse is hand operated by wheel and screw through 
machine cut steel bevel gears and has adjustable stops. 

An over-arm chasing attachment is supplied when 
specified. It is extremely rapid in operation and cuts 
external or internal threads, left or right-hand, parallel 
or taper, on work pieces of any diameter within the 
swing capacity of the lathe, all from the same loader 
and follower. The changing of one gear only between 
spindle and hob provide additional pitches from any 
leader and follower—which, in turn, are easily changed 
to produce further ranges of threads. The arm is 
balanced: movement is easily controlled and the widely 
adjustable chasing tool slide presents the tool at the 
correct cutting angle. A quick return movement cuts 
down idle intervals when successive rapid cuts must 
be made. 

Economy in cleaning time results from making the 
suds tank separate. Unlike the conventional tank, 
integral with the base or some other casting, it is easily 
taken down, cleaned and replaced in a very short time. 
The electric suds pump (with filter) embodies its own 
squirrel cage motor and delivers 5 gallons per minute 
through all-copper pipes having solderless fittings. 

The individual operator can set all the star-wheels 
and hand levers to suit his own comfort, as they are 
secured by locknuts on taper ended shafts. 


* 
LEO C. STEINLE LTD. will exhibit the Steinle 
Centreless Thread Generator, designed for the pro- 
duction of accurate screw threads by means of the 
rolling process, and British-built Huller Tapping 
Machines. Outstanding feature of these tapping 
machines is entirely automatic operation. Reversing 
of the spindle is effected electrically by a control switch 
operating a reversing motor. The drive on the No. 3 
machine, here illustrated, is effected through a quick 


gees Oe ie 


change gear box giving three speed changes. These 
column type machines are complete with built-in pump, 
and coolant tank and chip container are housed in the 
column, External threads can be produced by the use 
of a suitable dieholder in place of the standard chuck. 
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KEARNS 


Eight Kearns Horizontal Surfacing 


and Boring Machines will occupy 
Other firms are saving time and 
Stands 129 in the Grand Hall and money by using standard bear- 
ings. Can you afford to go on 
247 on the Gallery with experienced using “Specials” to your own 
designs, when mass produced 
engineers to explain the numerous standards like these are avail- 





. ‘ able ex stock at lower prices? 
uses of these versatile tools in the 


350 STOCK SIZES 


STEEL BACKED 
LEAD BRONZE LINED 


machine shop and toolroom. 


KEARNS FOR BORERS | 


THE GLACIER METAL CO. LTD. 


H+ W- KEARNS & COMPANY LTD furopes Largest Maker of Plain Bearings 
ALPERTON WEMBLEY MIDDLESE AND 
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FIRTH BROWN TOOLS LTD. will be demonstrating 
their new variable load ‘“‘ Hardometer ” hardness testing 
machine; carbide tools on a small lathe; the Firth 
Brown twist drill point grinding machine ; a machine 
for sharpening carbide tipped saws and milled tooth 
files in use on steel, cast iron, phosphor bronze, copper, 
brass and aluminium. 

The Firth Brown exhibits will include a representa- 
tive range of all standard products of the company— 
Twist Drills and Reamers ; Milling Cutters, End Mills 
of all types; the new type 3 Face Milling Cutter with 
“Mitia’’ Carbide Tipped Teeth; Ground Thread 
Tapps and Chaser Dies; ‘‘ Mitia ” Carbide for various 

lications; ‘‘ Speedicut”? High Speed Steels and 
 Die-Hard ” Tungsten Alloy Steel Hacksaw Blades; 
Circular Saws for Wood and for Plastics; ‘ Insto” 
Segmental Cold Saws and Precision Tools. 


* 


SMART & BROWN (MACHINE TOOLS) LTD. 
will show their new model “ M” 4 in S.S.S.C. pre- 
dsion lathe (Fig. 1). This lathe retains the centrally 
sited leadscrew with its advantages of centre line 
thrust and protection from accidental damage and 
swarf abrasion, but includes a feedshaft for power feed 
to the saddle and cross slide, relieving the leadscrew 
ofall but screwcutting and preserving its pitch accuracy 
continuously. The leadscrew is also end-reversible. 

The spreading of the cutting pressure over the large 
contact area of saddle and bed results in the bearing 
surfaces being only lightly loaded. This minimises 
wear and permits a set cycle of operations, as in repeti- 
tion turning, to be continued indefinitely, without that 
concentration of wear which in many cases impairs all- 
over accuracy. 

The maximum distance between centres is 18 in, 
whilst the swing over the carriage is 4% in dia. and swing 
over bed 8 in dia. The machine is equipped for 6 spindle 
speeds ; a built in collet attachment will take collets up 
to fin bore. The spindle can be supplied with the nose 
threaded for face plates and chucks or fine threaded for 
the closing cap of ring or disc collets. 

The bed is a robust one piece Meehanite casting 
with precision machined slides of the Vee and flat type 
for the headstock and tailstock, whilst the saddle is 
carried on separate prismatic slides. 

The leadscrew is reversible by single lever. It 
drives a graduated chasing dial fitted to the saddle. A 
simple electric switch reverses the motor so that when 
cutting non-standard threads the saddle is traversed 
back without disengaging the nut. 

The headstock spindle is of nickel steel, hardened, 
ground, and lapped, and runs in parallel adjustable phos- 
por bronze bearings, syphon lubricated from oil sumps. 
The back gear has precision profile ground helical teeth. 
_ The tailstock is provided with side adjustment, and 
is locked to the bed by means of an eccentric clamp, 
which engages with a tee slot running the full length of 
the bed. The barrel is graduated and is operated by 
means of an Acme thread screw fitted with nut adjust- 
ment to take up backlash. The barrel is bored to take 
aNo. 2 morse taper centre, and can be locked in any 
position ; the centre is automatically ejected at the end 
of the return stroke. 

The tray is a ribbed casting bolted between the bed 
and the cabinet and is arranged so that the coolant drains 
toa suds tank inside the cabinet. 

The machine is driven by ? H.P. 400/440 volts, 
_ motor, which is housed inside the cabinet on an 

ustable swivelled bracket: The drive is by means 


of a belt to a 3 stepped cone pulley on the headstock, 
adjustment being made by means of a single screw. 
motor, controlled by push buttons, is arranged with 
achange-over switch to give forward and reverse rotation. 
A large cupboard for tools and equipment and a set 
15 change gears, stored on shelves, are built into the 
cabinet. These change gears are suitable for cutting a 
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wide range of English and Metric threads while addi- 
tional ones can be supplied for cutting all threads withjn 
the range of the machine. 

The lathe can be fitted for lever collet operation, and 
an oversize collet attachment giving capacities from ? in 
to 14 in can be provided. Other additional equipment 
includes a 4-station indexing tool slide, 3-point steady, 
hand tool rest, 7 in dia. face plate in addition to 3 jaw 
chucks, over-size collets, etc. 


(Further Exhibits will be described in the August issue.) 








Our technical representatives will gladly 
advise you on the varying types of the 
Weston Seals. These include our Gitseals 
and Weston Oil Retainers fitted with best 
quality chrome leather inserts, also the 
Weston Synthetic Rubber Oilseals all pre- 
cision made to give the lightest possible 
contact consistent with efficient sealing. 


Hoists : 
3 cwt.-5 tons 


Cranes : 
up to 5 tons 
and 40’ span 


Matterson equipment is built 
to Newall limits of inter- 
changeability. The minimum 
of reasonable maintenance 
results in trouble free working. 


Matterson Crab give 
strength combined wit 
lightness. 


The hook approaches arg 
unusually good, creeping 
speed can be available 
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| NEWS OF THE MONTH 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 

recuest to the advertising department of “ The Engineers’ 

Digest,” or by writing direct to the manufacturer and 
mentioning “ The Engineers’ Digest” as a source. 
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PERSONAL 

Mr. C. J. Barker and Mr. B. Thornton have been appointed 
joint managing directors of the Wellman Smith Owen Engineering 
Corporation, Ltd., Parnell House, Wilton Road, London, S.W.1, 
in succession of the late Sydney Smith. 

Mr. G. E. Beharrell, O.B.E., managing director of Dunlop 
Ltd., has been elected president of the Federation of British Rubber 
Manufac turers’ Association. 

Mr. Copeland, Mr. John Copeland, and Mr. 
Gordon Howie have been elected directors of W. T. Copeland 

& Sons Ltd., Stoke-on-Trent. 

Dr. DE Roxbee Cox, D.I.C., B.Sc. (Eng.) (Lond.), 
M..Mech.E., F.R.Ae.S., Director of the National Gas Turbine 
Establishment and President of the Royal Aeronautical Society, has 
been appointed Chief Scientist at the Ministry of Fuel and Power. 

Mr. John Currie, general manager of Blackett, Hutton & Co., 
Ltd., Guisborough, Yorks., has been appointed director of the 
Comy an 

Mr. y. Dearden has been appointed chief metallurgist in the 
scientific research manager’s department of the London Midland 
Region, British Railways, Derby. 

Sir Roy H. Dobson, C.B.E., F.R.Ae.S., managing director of 
A. V. Roe & Co., Ltd., and director of Hawker Siddeley Aircraft 
Co. Ltd., has been elected President of the Society of British 
Aircraft Constructors for 1948-49. Mr. W. R. Verdon Smi 
M.A. B.C.L., has been elected deputy-president, and Mr. W. T. 
Gill, re: -president. 

Mr. B. A. Duncan has been elected director of Dowty Equip- 
ment Ltd., Cheltenham. 

Sir Alfred Egerton, M.A., F.R.S., F.R.1.C., M.I.Chem.E., 
Professor of Chemical Technology at the Imperial College of Science 
and Technology, London, and Secretary of the Royal Society since 
1938, has accepted the invitation of the Minister of Fuel and Power 
tobe Chairman of the Scientific Advisory Council. 

Mr. G. R. Glendinning, F.C.LS., secretary of Sigmund 
Pumps Ltd., Team Valley, Gateshead 11, has been elected a director 
of the company. 

Mr. John D. Gregory has been elected chairman and managing 
director of Eimco (Great Britain), Ltd., Upper Wortley Road, 
Leeds. Mr. D. E. Barton has been appointed chief engineer. 

Mr. W. M. Hall, B.Sc., M.I.Mech.E., has been appointed 
general manager of Liverpool Corporation Transport Undertaking. 

Mr. F. W. Halliwell, M.I.Mech.E., M.I.P.E., has been re- 
elected President of the Gauge and Tool Makers’ + » 
1948-49. Mr. H. S. Holden has been re-elected chairman, 

A.L. Dennison, M.I.P.E., vice-chairman, and Mr. R. vs oman 
M.LP.E., A.M.J.Mech.E., honorary treasurer. 

Mr. T. W. Hayes has been appointed export manager of 
A.C. Wickman Ltd., Coventry. 

Sir John Kennedy, O.B.E., M.I.C.E., M.I.E.E., has agreed 
to becorne a member of the Uganda Electricity Board on his retire- 
ment from the post of chairman of the Electricity Commission. 
His address is: East African Office, Grand Buildings, Trafalgar 
= London, W.C.2. 

L. J. Kastner, M.A. (Cantab.), M.Sc. (Manch.), A.M.I. 
Meet has been elected Professor of Mechanical Engineering 
at the | iniversity College of Swansea, in succession to Professor 
RN. Arnold, Ph.D. (Sheffield), D. Sc.(Glas.), M.I.Mech.E., 
who relinquished the ap —— to take up that of Regius Pro- 
fessor of Engineering at Edinburgh 

Mr. I. W. D. Macdougall, D.S.C., secretary of Mavor & 
Coulson Ltd., Bridgeton, Glasgow, S.E., has been elected a director 
of the company. 

Mr. H. C. Mills has been appointed director of Doulton & Co., 
Ltd., E -ith, Kent. 

Mr. J. L. Packer has been appointed manager of the Belvedere 
Works <f British Insulated Callender’s Cables Ltd., Erith, Kent. 

Mr. J. H. Paterson, D.Sc., F.R.I.C., has been elected President 
of The {nstitute of Welding for 1948-49. Mr. O. V. S. Bulleid, 
MLMech.E., has been elected vice-president and Mr. W. E. 

- honorary treasurer. 

J. D. Pearson, Wh.Sc., B.Sc. (Eng.), (Lond.), A.M.I. 
Mech? has been a eae general sales and service manager 
ofthe Acro Division off lls-Royce Ltd., Derby. Dr. E. Warlow- 

has been appointed chief quality and service engineer. 

Mr. L. R. Perkins has been elected chairman of the Association 
of Supervising Electrical Engineers for 1948-49. Mr. S. H. 
Harding, A.M.I.E.E., has been elected vice-chairman, and Mr. 
E.J. Sutton, M.I.E.E., honorary treasurer. 
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Mr. Norman Readman, A.C.A., has been appointed deputy 
managing director of the Consolidated Pneumatic Tool Co., Ltd., 
232 Dawes Road, London, S.W.6. 

Mr. G. E. Richards, A.M.I.Mech.E., has been appointed 
4 manager of the railway division of the Pressed Steel Company 

t 

Sir Henry Richardson and Mr. R. A. Cookson have been 
one directors of Goodlass Wall & Lead Industries Ltd., Oxted, 

urrey 

Mr. W. F. Saxton, chief engineer of Armstrong Siddeley 
Motors Ltd., has been elected a director of the company. 

Dr. H. ‘Schofield, C.B.E., B.Sc. (London), M.1.Mech. E., 
M.LStruct.E., F.lnst.P., has been elected President of the Institu- 
tion of Production Engineers for 1948-49. Mr. J. E. Hill has been 

a chairman of Council and Mr. W. C. Puckey, vice- 


Mr. Edward W. Thompson, M.A., has been elected chairman 
and managing director of John Thompson Ltd.; Mr. J. H. N. 
Thompson and Mr. J. Wilson Perry have been appointed joint 
a directors. 

. L. E. Van Moppes has been appointed honorary vice- 
ee ok of the Engineer-Buyers and Representatives’ Association. 

Mr. J. M. Waldram has been elected President of the Illumina- 
ting Engineering Society for 1948-49. 

Mr. George A. Wilson, M.Eng. (L’pool), M.I.C.E., has been 
appointed deputy chief engineer to the Port of London Authority. 

Mr. H. D. B. Wood, O.B.E., has been appointed secretary of 
the South Western Electricity Board, Pulteney Hotel, Bath. 

Mr. H. C. Yaffe, general manager of Darwins Ltd., Sheffield, 
has been elected director of the Company. 





The Brailey diamond signifies ‘the best 
in electro-deposition of heavy nickel, 
hard chromium or protective finishes. 
It stands for scientific method and 
long practical experience—we were 
depositing nickel in 1900 and 
chromium in 1926. You can do 
no better than specify the Brailey 
process ~-“‘ on your next job.” 


BRAILEY ELECTROPLATERS LTD. 


CHAPEL ST-SALFORD 3:LANCS:- 





BUSINESS NOTES 


The Institution of Production Engineers announces that 
it has now returned to its headquarters at 36, Portman Square, 
London, W.1. (Telephone: Welbeck 6813). 


The Institution of Factory Managers and the Institution of 
Works Managers amalgamated on July 1, the name of the new 
body being “ Institution of Works Managers.” The registered 
office of the Institution is 67-68, Chandos-place, London, W.C.2. 


Commonwealth Scientific Liaison. * The British Common- 
wealth of Nations Scientific Liaison Offices (London) have been 
opened on the third floor of Africa House, Kingsway, W.C.2. This 
is one of the measures to facilitate co-operation in the civil aspects 
of science within the Commonwealth decided on by the British 
Commonwealth Scientific Official Conference held in London in 
1946. For a number of years several of the Commonwealth coun- 
tries have maintained scientific liaison offices in London, which, 
together with the ones about to be established, will now have their 
headquarters in Africa House. ch of these offices will continue 
to operate as in the past, retaining complete independence of action, 
but the convenience of occupying adjacent premises will facilitate 
co-operation between them on matters of common interest. 


The Coal Utilization Joint Council has changed its address 
to 13, Grosvenor Gardens, London, S.W.1. (Telephone: Victoria 
1534). 


John I. Thornycroft and Company Limited, Thornycroft 
House, Smith-square, London, S.W.1, announce that, in the interests 
of efficiency and flexibility, their vehicle-manufacturing business at 
Basingstoke is to be operated as a separate company. ‘This will be 
known as Transport Equipment (Thornycroft), Limited, and 
will be a wholly-owned subsidiary of John I. Thornycroft and 
Company. The transferred undertaking will become operative as 
from August 1. 


Johnson and Phillips, Limited, Victoria-way, Charlton, 
London, S.E.7, announce that they and their subsidiary companies, 
British National Electrics Limited and Aurora Lamps 
Limited, have removed their Glasgow office to 106, Hope-street, 
C.2, leaving the whole of the Bothwell-street premises as a store. 
A new branch at 3, Forth-street, Edinburgh (telephone: Bypass 
3392), is shortly to be opened under the managership of Mr. Bruce 
Russell. 


Rendel, Palmer and Tritton are transferring their organiza- 
tion from 55, Broadway, to more commodious offices at 125, Victoria- 
street, London, S.W.1. All correspondence posted on or after 
June 25, should be sent to the new address. The new telephone 
number is Victoria 8494. 


Dudley Vale, Ltd., 3, Buckingham Place, London, S.W.1, 
states that its telephone number has been changed to Victoria 0252 
(four lines). 


Air Conditioning and Engineering (N.I.) Ltd. with which 
company Page & Rundle Ltd. has been merged, has appointed 
Mr. A. H. Page, managing director and Mr. E. W. Rundle, 
technical director. The London works are at 75 Kilburn Lane, 
London, W.10, the branch office at 50 Queen Street, Belfast. 


The Rapid Magnetting Machine Co. Ltd., Lombard Street, 
Birmingham, announce that building operations have commenced 
on their new factory which has been found necessary to cope with 
the increasing demand for the magnetic. Me eee and lifting 
magnets in which the company has specialised since 1900. 


British I : *s Cables, Ltd., announces that 
its publicity department is now at 21 Bloomsbury Street, London, 
W.C.1. (Telephone: Museum 1600.) 


Hawker Siddeley Aircraft Company, Ltd., states that its 
name has been changed to Hawker Siddeley Group, Ltd. Its 
headquarters remain at 18, St. James’s Square, London, S.W.1. 


The Hoffman Manufacturing Company, Ltd., has opened 
a new branch office at 50 The Wicker, Sheffield, 1. (Telephone : 
Sheffield 20246). 


The British Electricity Authority states that the headquarters 
of its London Division will be established as from July 19th at 
Ergon House, Horseferry Road, S.W.1, and that the accountant’s 
department will be transferred to Aldwych House, Aldwych, W.C.2. 


On the Need to “ Fly-British.” Sir Frank Spencer Spriggs, 
K.B.E., managing director of the Hawker Siddeley Group, largest 
organization in the British Aircraft Industry, issued a strongly- 
worded statement urging the Government to back up its announced 
policy of buying and flying British airliners. His action follows 
that of the Society of British Aircraft Constructors who sent a 
tel to the Prime Minister pointing out the harm that would 
be done to the Industry’s export effort and its future technical 
progress if more American airliners were purchased. 

Sir Frank’s statement deals mainly with the Tudor airliner made 
by the Avro company, a member of the Hawker Siddeley Group. 

He asks: “‘ How can the British Aircraft Industry—one of the 
most valuable contributors to our export drive—sell its goods 
abroad when the State-owned British Overseas Airways Corporation 
refuses to “ buy British” ? Already this example has cost the 
country £1,000,000 thro the cancellation by a hard-currency 
country of its order for Tudors. ¢ joke is that another State- 
owned Corporation, British South American Airways, which has 
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operated Tudor aircraft and knows their worth, is most anxious » 
have more of them ! ” 

“* Must we assume” he says, “that a powerful element i 
B.O.A.C. insists on American aircraft whether or not suitabk 
aircraft can be purchased from the British Industry ?” 

** One of the aircraft which B.O.A.C. is contemplating 
is the DC-4M, a version of the American DC-4 which has the meri 
of a British powerplant. This aeroplane and the Tudor are roughly 
of the same all-up weight—80,000 Ib. Their performance is com. 
parable. Neither is vastly superior nor inferior to the other. The 
Tudor, however, has the finest pressurized system in the world 
The Tudors can be delivered at least as rapidly as the DC-44~— 
some are already flying, many others are only awaiting a favourable 
decision for work on them to be completed.’ 

Sir Frank sums up the situation with a balance sheet comparing 
the outcome of the alternative choices :— 


Tudor DC-4M 
Sterling: all spent in Dollars (except for en- 
this country. gines). 
British technicians get Our competitors ge 
the benefit. the benefit. 
Full employment in this Employment abroad: 
country. men out of work a 
home. 


Cost: 


Operating 
Experience : 


Employment : 


Export 


All our aeronautical ex- 
Effort : 


Boost for competitors 
ports assisted. 


stigma on ail ow 
aircraft products, 


As well as the Tudor fleet, which can be put into service on 
Atlantic and Empire routes in a matter of months, the Handley 
Page Hermes, 25 of which have been ordered by B.O.A.C., is in a 
advanced state of construction and will be coming off the production 
line next year. 

Then will come the 130-ton Brabazon transatlantic airliner, the 
Saro 45 flying-boat, the de Havilland Comet jet airliner, and th 
Bristol 175 “ medium range ”’ airliner. 

The doubt and uncertainty that has surrounded the Tudon 
almost from the moment of their conception is the more incompr- 
hensible when the record of their manufacturers is examined. 

The Avro company were in the aircraft business before World 
War I. Their success over the fee quarter of a century has been 
consistently high and many of their aeroplanes, civil and military, 
have won world fame. 

That one British airways corporation should reject an airliner 
and another, after operational experience with it, should demani 
more than the number allotted to it can lead only to the conclusion 
that the hostility of B.O.A.C. to the Tudor is based more up 
bias than legitimate objection on the score of its suitability. 
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‘ WORK WANTED 
BOTTLENECK IN CASTINGS ? We can probably help you 
at of our capacity available at the moment for precision 
ALUMINIUM gravity die castings, ZINC pressure die castings 
High standard of workmanship; established 1828.—Write o 


*phone Thos. Ashworth & Co., Ltd. (Dept. A/15/7), Vulca 
orks, Burnley, Lancs. (Burnley 3505). 
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“ Speedy ” Moisture Tester ; “ Not only ‘ speedy,’ but can be hi 


used satisfactorily by unskilled labour during tests.” Accurate; 
— 3; non-electric. 3,000 in use, for foundry sands, ores, tt 
ractories, many other materials. Complete £21 10s. Immediate di- 
atch.—Write for illustrated Brochure to 
td. (Dept. ED/3), Burnley, Lancs. Agencies open. 


WE HAVE LARGE STOCKS ot $ in. by # in, Insulating Tapts, 
in various colours; available for immediate disposal Why 00 
write to-day for comprehensive list ? Box V80, ** The Engineers 
Digest,” 120 Wigmore Street, London, W.1. 


CARBON BRUSHES.—Large stocks available for immediatedi 
posal. Will be pleased to forward samples on request.—Box No. V. 
81, “ The Engineers’ Digest,” 120, Wigmore Street, London, W. 


NISSEN TYPE HUTS, ex-Government stock, 36 ft. by 16, 
£70 and £80; 24 ft. by 16 ft., £56 and £45. Other buildings al 
available. Write for details—Dept. 50, Universal Suppli¢ 
(Belvedere) Ltd., Crabtree Manorway. Belvedere, Kent. 
phone: ERITH 2948. 
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INDUSTRIAL LITERATURE 


ATEST 


Single-Spindle Automatic Screw Machine. 8-page 
sochure with 10 photographic illustrations showing the compact 
sion and constructional details of a recently developed Automatic 

w Macaine which incorporates the latest refinements to ensure 
ih speed production to close limits of accuracy. The brochure 
mtains Capacity Chart, Specification, and detailed description 
all important constructional features of the machine. 


Folding or Forming Press. Profoundly illustrated folder 
ing specifications of Folding Presses of 80 to 500 tons. The 
chines described are self-adjusting, and die setting is, therefore, 
actically eliminated. Fluid power is supplied smoothly and 
siselessly by radial piston pumps. 


Heat Resisting Steels. Engineers and designers concerned 
ith any prospective employment of heat resisting plant and com- 
onents are offered much useful information in this well conceived 
nd well produced 44-page booklet. The booklet deals with a 
mprehensive range of Heat Resisting Steels for applications such 

High temperature and pressure work in chemical processes ; 
C. engines; in the Gas, Oil and Gas industries; Furnaces ; 
at treatment; Pyrometry; Domestic Equipment; Boilers ; 
mamelling; Ore roasting and sintering, etc. Valuable data 
ude Tables giving the physical and mechanical properties of 
bs range ; scaling test data; creep stress and other charts as well 

hints on machining; welding by various processes; hard 
ing; brazing; soldering; and forging. 


Heat Treatment of Aluminium Alloys. This 56-page 
poklet, well printed and illustrated, outlines the principles of the 
ferent forms of heat treatment with some account of the equip- 

t used and procedure employed. Whilst it is emphasised that 
isnot intended to be a comprehensive treatise on heat treatment, 
he booklet contains a great deal of interesting and valuable informa- 
pn on the subject. 


Electronic Heat Generators. The field of application of 
ctronic heat generators in industrial heat processing is almost 
limited. The brochure offered is to help in assessing the possi- 
lities of this comparatively new technique and it includes, there- 
, representative examples of the processes to which induction 
hd dielectric heating methods have been successfully applied. 
wo large photographic illustrations give an excellent view of the 
istinctive features of the two models which are described in the 
ohure. Soldering and Brazing; Annealing and Tempering; 
e Hardening; Preheating before Forging and Stamping ; 
pwder Metallurgy; and Melting small quantities of Metal, are 
en as examples for Induction Heating applications, and Pre- 
rating of Moulding Materials; Welding of Thermoplastics ; 
eating and Drying Processes in Chemical and other industries ; 
erilisation, Dehydration; Defrosting, Cooking and Reheating 
ocesses in Food industries; Setting of Adhesives in Wood 
orking, are examples for Dielectric Heating applications. 


Swaging Machines. 16-page booklet describing a compre- 
ive range of swaging machines, including illustrations of uni- 
al swaging, wiring and jennying machines. Profiles of wheels 
pplied with these universal machines are also illustrated, and an 
tline is given of the large variety of operations which can be 
ormed on these machines. The booklet also offers information 
) different other sheet metal working machinery, power presses 
d press tools. 


Eno} om 








g s’ Sp s. Illustrated catalogue and latest price 
of a wide range of drop forged steel spanners, including set 
w spanners, lock nut spanners, box spanners, crowfoot spanners, 
drachet spanners. Ratchet and box spanner sets are included. 
useful catalogue to have at hand in every workshop. 


Typical Diesinking Applications. [Illustrated Bulletin with 
considerable amount of details of machines used in this type of 
prk. Amongst the machines described is an 8 x 18 in. tool 
d die miller of the latest design with illustrations of diesinking 
plications. Related operations such as drilling, reaming, boring, 
gular cuts and slotting can quickly and accurately be performed 
th the machine without removing the workpiece from the machine. 


Chip Crushing Machine. Leaflet with specifications of 
ph capacity = crushing machines for breaking up and crushing 
| turnings. Economies which the use of such machines can 
hieve include saving in storage space and in railway charges ; 
fing of time in loading and unloading; better price for the 

gs; more efficient oil recovery; and material saving in 


) Dual Feed Keyseating Machines. 8-page brochure des- 
bing various keyseating machines designed for plunge and re- 
Procating cuts. The range of high grade keyseating machines 
vers all slots and keyseatings from } in. to a maximum of 3 in. by 
in. long. One of the important features of the machines is the 
velling head to allow machining tapers, e.g., the ends of pro- 
ler shafts and heavy work without re-setting the workpiece. 


| The New “Isofuse.” Illustrated leaflet describing a 15 
tp fuse-switch introduced as a flush-mounting isolator for machine 
ls and for various other machines and applications. 


Flexible Hose Assemblies. Increasing demand resulted 
development of a great variety of flexible hose assemblies for 
i-, medium- and low-pressure applications as well as in the 
"lopment of flameproof hoses. t his well-produced 48-page 
oklet provides a useful survey of the various types of hose assem- 
sand it contains data which will assist aircraft constructors, 
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engine designers, machine tool makers, and other industrial under- 
takings in choosing the most suitable hose for their particular 
requirements. 


13. Plastic Protective Coating. Interesting 4-page folder 
describing rapid method for thoroughly protecting machine tools, 
instruments and metal parts against corrosion, damage or abrasion, 
etc., during transit and storage periods of even extreme conditions. 


14. Hobbing Machines. 28-page catalogue, exceptionally well 
designed and magnificently produced, describes a range of moving 
table gear hobbing machines for gears up to 60 inches diameter. 
Concise description of three machines—with capacities up to 15 in. ; 
up to 30 in.; and up to 60 in. diameter—is accompanied with ex- 
cellent illustration of the machines and their special features. 
Sectional impressions illustrate the various components and sub- 
assemblies. 


15. Circulating Pumps. 4-page leaflet ning circulating 
pumps designed to handle a wide range of liquids with lubricating 
qualities. Capacities of the pumps range from a few gallons up 
to 600 tons per hour, and they are used for lubricating oil circula- 
tion; hydraulic ram operation ; fuel oil circulation and pressure 
injection ; bulk handling of oil and sundry viscous fluids in industrial 
use. 


16. Varistrobe. Leaflet giving design details of a small portable 
a.c. mains operated Stroboscope for the observation of rotating, 
reciprocating or vibrating mechanism in slow or arrested motion. 


17. Thickness Meter. Leaflet describing an instrument for use 
in determining the thickness of plating, paint, or other covering 
deposited on a ferrous base, without causing damage to the surface. 
Functioning depends directly upon reluctance variation in a magnetic 
circuit. 

18. Fully Automatic Plating Machines. Folder describing 
British built fully automatic plating machines incorporating the 
most modern transfer mechanism and auxiliary equipment. The 
transfer method is illustrated by four diagrams in colour. Speci- 
fications of a range of three plating machines are included. 


19. Oxy-Acetylene Welding and the Repair of Agricultual 
Machinery. 26-page booklet giving detailed information on the 
large variety of broken and worn parts encountered in agricultural 
work and how these have been successfully repaired and re-claimed. 
The recommended procedure for a and method of weld- 
ing is illustrated with sketches and numerous photographs. 


20. Industrial X-Ray Unit. Profoundly illustrated 12-page 
booklet describes a specially developed X-Ray apparatus for non- 
destructive a and inspection. The booklet contains detailed 
information on the components of the unit and illustrates the 
simplicity of the radiographic method of inspection. Radiographs 
of some typical applications, amongst them aluminium alloy castings, 
magnesium weld, spot weld, a moulding showing unsuspected 
cavities, a group of plastic bodies with metal inserts, etc., are photo- 
graphically illustrated. 


21. Hard Metal Tips and Tipped Tools. Folder with specifi- 
cations of a range of hard metal tips and tipped tools for machining 
cast iron, steel, woodworking and general purposes. [Illustrations 
include dies and die pellets for metal manipulation, and guides, 
gauges and other hard metal products for resistance to wear and 
abrasion. 


22. Pneumatic Tools. Illustrated folder with specifications of 
a very wide range of pneumatic tools. The range of hammer tools 
described includes chipping hammers, riveting hammers and 
scaling hammers ;_ the rhe drills lists rotary, reciprocating and 
close quarter drilling machines; and the range of grinders gives 
some details of rotary grinders suitable for plain grinding, cup 
grinding, sanding, polishing and the finer work of die sinking. 

23. Sodium Lighting. Well designed technical brochure with 
description and excellent graphs and illustrations on sodium flood- 
light units, industrial fittings and sodium lamps and apparatus. 

24. Electric Control of Machine Tools. 57-page booklet 
comprehensively dealing with motor control of machine tools. 
Special reference is made to more than thirty machines of various 
makes and applications. * 
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IN THIS ISSUE 


If an industrial plant is equipped with a high- 
pressure steam generator for power production 
but low-pressure steam is also required for pro- 
cessing and heating purposes, this steam can be 
obtained by so designing the turbine that steam 
may be extracted from its low-pressure stages. 
The heat balance of this type of installation is 
much more favourable than in the case where 
separate low-pressure steam raising plant is 
used ; for this reason, the former is now in general 
use. Similarly, the residual energy of waste 
steam can be utilised by injecting it into the low- 
pressure part of the turbine, where it is made to 
do useful work in expanding to the condenser 
vacuum. It may not be so well known, however, 
that the same principles can be applied to the 
compression of gaseous or vaporous media. 

The article “The Rotary Compressor for 
Mixed Pressures” on page 262 of this issue 
thoroughly investigates the principles underlying 
the design of such compressors and gives an out- 
line of the inherent possibilities and economical 
advantages of this new conception. 

* x * 


A new magnetic clutch, controlled by small 
amounts of electric power and characterized by 
high efficiency, smooth operation, and simplicity 
of construction has been invented by Jacob 
Rabinow of the National Bureau of Standards. 
The novelty of the clutch is based on the dis- 
covery that the frictional forces between solid 
surfaces and certain types of fluid media can be 
controlled by the application of magnetic fields. 
The new clutch described on page 260 should have 
possible applications in servo-mechanisms, auto- 
matic control of machinery, automobiles, and 
many other fields where ease of control and 
stability from low to very high speeds are im- 
portant. It is claimed that the principle of the 
clutch can also be adapted to the design of brakes. 

It appears, however, that the many advantages 
claimed by the inventor are based on preliminary 
or laboratory tests only, and it is also apparent 
that operating experience under service condi- 
tions must first be obtained before the practical 
value of this new device can be fully assessed. 

* * * 


Broaching as a mass production process has 
been widely adopted by all countries participating 
in the last World War and has now come to 
supersede, in many cases, the slower milling 
process. Although the adaptation of the broach- 
ing process to surface-machining is known to 
specialists in this field, we do not believe that the 
general principles underlying the new process are 
sufficiently understood in wider engineering 
circles. ‘The subdivision of broach assemblies 
which reduces broach costs and the required 
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weight of tool steel, as well as the possibility of 
using broaches in conjunction with simple 
hydraulic presses should lead to a more general 
adoption of this very economical process, even 
for batch production. Toolmakers should be 
able to construct broaches for their special re- 
quirements from the data and examples given in 
the article “The Design of Surface Broaches ” 
contained in our new section DESIGN AND WoRK- 


SHOP. 
x x * 


The determination of engine losses and engine 
efficiencies is the subject of an analysis by Prof. 
Richter, of the University of Vienna. The 
article on page 269 gives definitions for the 
effective and indicated powers of engines and 
blowers, and suggests a standard method of 
analysis for comparing engines of different types. 
It also includes references to extensive work done 
in Germany on this subject in recent years. 

*x *« *x 


Theoretical investigation of the various factors 
influencing the efficiency of internal combustion 
engines has been the subject of considerable 
work in Germany, Austria, and other Continental 
countries. The criteria used and their definitions 
are different from those currently employed in 
Britain and the United States. The article 
“ Definitions and Symbols for I.C. Engines ” 
also by Prof. Richter, therefore, serves a dual 
purpose. Firstly, it defines the basic criteria by 
means of which the efficiency of engines described 
in a number of Continental periodicals can be 
correctly assessed and, secondly, it also supplies 
the bases for comparison with the efficiency 
criteria used in English-speaking countries and 
may indicate new lines of thought for further 
investigation. 

* ® * 


Mechanical and hydraulic injection phenomena 
in Diesel engines are the subject of a paper read 
before the 1948 meeting of the Association 
Technique Maritime et Aeronautique which is 
reproduced in this issue in much abridged form. 
The author advances the view, based on his 
analytical treatment of test data obtained, that 
assumptions made by other investigators to 
explain certain injection phenomena do not hold 
good and are not confirmed experimentally for 
Diesel engines running at speeds in the proximity 
of 1,000 rpm. 


* * *x 


The article “ The Design of Transductor 
Circuits,” the first instalment of which was pub- 
lished in our July issue, is concluded overleaf. 
The second part of “The Ray Transformer ” 
had to be omitted from this issue owing to lack 
of space, but this article will be continued in our 
September edition. 
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SWEDEN 


The Design of Transductor Circuits 
(From ASEA Journal, Vol. 21, No. 1-2, January-February, 1948, pp. 3-20, 40 illustrations.) 
(Concluded from Fully issue.) 


Multi-phase Transductor Circuits. 

These are usually preferable for the control of large 
power outputs, as they give symmetrical loading of the 
supply grid, more efficient utilization of the rectifiers 
and transductor elements, and smaller pulsations 
in the d.c. output current. The mode of operation 
of a transductor element plus rectifier being similar to 
that of a grid controlled valve, transductor circuits may 
be designed in the same way as rectifier circuits, i.e. 
the possible variations are almost unlimited. An ex- 
ample of this type of circuit is shown in Fig. 15. Unless 
special transformer connections are used, this circuit 
will give rise to d.c. excitation of the three-phase trans- 
former, and in addition some harmonics will be induced 


in the control winding. 
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Fig. 15. Three-phase transductor with simplified self- 
excitation. 














As a general rule it may be stated that the use of 
two elements per phase, the number of phases being 
odd, will result in less harmonics in the control winding. 
The control windings may be series connected in pairs, 
which are then connected in parallel. (Fig. 16). 
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Fig. 16. Three-phase self-excited transductor circuit with 
six transductor elements. 
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The introduction of a transformer into the trans- 
ductor circuit considerably increases the possible varia- 
tions. The transductors may be connected on the 
primary or the secondary side and a variety of trans- 
ductor and transformer circuits may be employed. 
Multi-phase circuits can be built up of any of the three 
basic groups of transductor elements described for 
single-phase operation, according to the purpose for 
which the transductor is designed. 

It is also possible to produce self-excitation by means 
of separate excitation windings, or an auto-coupled 
current transformer instead of simplified self-excitation, 
as in the case of single-phase transductors. Lack of 
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Fig. 17. Usual self-excited three-phase six-element circuit. 
(To simplify the drawing, the control windings are omitted.) 











symmetry in circuits such as shown in Fig. 16, con- 
sisting of three single-phase transductors, will give 
rise to different phase currents. With circuits of the 
type shown in Fig. 17, in which each element is excited 
by the whole load current, the phase current symmetry 
will be quite good even when the elements are dissimilar. 


Variable Amplification (Boosting). 

The control of a transductor with simplified self- 
excitation requires a current, the magnitude of which 
is determined by the unsaturated part of the magneti- 
zation curve. In the non-simplifed self-excited trans- 
ductor, amplification may be further increased by 
allowing the load current further to increase the excita- 
tion of the transductor, beyond that obtained by self- 
excitation or other means. How far amplification may 
be increased in this manner depends upon the linearity 
of the transductor characteristic. Fig. 18 shows the 
characteristics of a transductor for three different 
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Fig. 18. Transductor characteristics for three different seif- 
excitations. 
(1) tines self-excitation. 
(2) slight boost excitation. 
(3) heavy boost excitation. 
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degrees of self-excitation. It will be seen from these 
curves fat beyond a certain point any further increase 
in exci. ation would lead to instability, i.e. at a certain 
contro! current there would be two possible load cur- 
rents. This phenomenon, which is sometimes made 
ye of n “‘ transductor relays,” is usually unfavourable 
in cont. uous control regulators. 

Fre juently a more linear characteristic is required 
than tnat obtained with simplified self-excitation, in 
which case the curve may be straightened and the 
amplification lowered by reducing self-excitation. 
applica'ion of a “ variable boost excitation ” makes it 
possible to adjust the amplification to the desired value 
and to correct unavoidable differences in the trans- 
ductor characteristics due to variations in the materials 
used for the elements. 
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a b ¢ 
Figs. 19a-c. Transductor circuits with boost-excitation. 


(a) main-current boost excitation. 
(b) mutual phase boost excitation. 
(c) shunt boost excitation (adjustable by rheostat.) 


The simplest method of “‘ variable boost excitation ” 
is applicable to transductors with non-simplified self- 
excitation and consists in providing tappings on the 
slf-excitation winding. Another method would be to 
shunt it by means of a rheostat. In the case of simpli- 
fed self-excited transductors, a rheostat may be con- 
nected in parallel with the rectifier controlling the self- 
excitation current. All these methods provide a nega- 
tive boost. If positive boost excitation is required, one 
of the following three alternatives may be used : 

(1) The load current (d.c. or a.c.) may be employed to 
supply the boost excitation to each core (main 
current boost excitation). 

(2) The current from one element is used for boosting 
another element (mutual phase excitation). 

(3) Each element may be boost-excited by a current 
proportional to a given transductor voltage (shunt 
boost excitation). 

finally, various combinations of these three systems 
(Figs. 19a-c) may be used. 


Effect of Load on the Transductor Characteristics. 
Provided the load. on the transductor is an ohmic 





resistance, the circuits shown will function in the 
manner described, but if the load connected to a d.c. 
output transductor is inductive, this may cause certain 
complications. 

Pulsations in the output current will give rise to 
an induced voltage in the load which, during part of 
the cycle, may exceed the impressed voltage, causing 
an additional current through the rectifier. This 
phenomenon is known as amplitude rectification and 
may cause instability of the system. There are, how- 
ever, a number of methods for counteracting it. 


Dynamic Conditions. 

The transductor time constant which is indicative 
of the dynamic conditions is determined by the induct- 
tance and the ohmic resistance of the control winding 
in the case of the self-excited transductor. If a further 
resistance is put in series with this winding, e.g. of the 
same order as the resistance of the winding, this will 
have the effect of halving the time constant and doubling 
the required control effort ; thus, the time constant 
will be proportional to the degree of amplification. In 
practice the degree of self-excitation of the transductor 
is such that the load current will affect the mean flux 
and therefore make the time constant dependent upon 
the load characteristics. The relationship between 
linearity and time constant is such that increased 
linearity will result in an increase in the time constant 
if the degree of amplification remains constant. 


Transductor Regulators. 

The combination of a measuring system and a 
transductor amplifier to obtain a regulator offers so 
many possibilities that it is impossible to enumerate 
them all in one article. A few typical transductor 
regulator systems only are illustrated here, in which the 
transductor circuits are shown diagrammatically for 
the sake of simplicity. 

Fig. 20 shows a voltage regulator for maintaining a 
constant load voltage which is drawn from a source of 
varying voltage via the regulator. The operative part 
consists of a transductor (transductor combinations) 1 
which is connected between the fluctuating mains 
voltage and the load requiring a source of constant 
voltage. The transductor effects the voltage regula- 
tion by absorbing a greater or less voltage according 
to the impulses received from the measuring system, 
which sends out a greater or less control current. The 
datum quantity of the measuring system is obtained 
by comparison of the currents through 3 and 4. Devia- 
tions from the normal value are amplified in 2 and are 
then used to control the main transductor 1. As the 
transductor is, in fact, a non-linear impedance, the 
constant voltage will contain some harmonics which, 
however, may be removed by filtering. 

Fig. 21 shows a constant voltage rectifier ; the 
circuit is, in principle, similar to that shown in Fig. 20. 
This type of regulator may easily be equipped for 
current limitation so that the voltage is maintained 
constant up to a certain current intensity, after which 
the current is maintained constant and the voltage is 

reduced. This regulator is used mainly for 
service with accumulator batteries. 

Fig. 22 shows the diagrammatic arrange- 
ment of a voltage regulator for a big generator. 
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voltage the booster supplies only a small positive or 
negative voltage so as to compensate for the 





























In order to achieve the requisite speed of 
regulation, a so-called booster exciter, which 
can supply positive or negative boost, is con- 
nected in series with the self-excited field of 
the exciter. When the system is in equilibrium, 


difference between the voltage drop in the field 


winding of the exciter. Should the generator 
voltage deviate from its normal value, the 
booster will apply a voltage which will rapidly 





Fig. 20. Voltage regulator circuit. 
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lower or raise the exciter field current. This 
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Fig. 21. Circuit for constant voltage rectifier. 


occurs even if the generator is short-circuited, when the 
voltage drops to a very low value. In order to obtain 
the: desired effect the booster is equipped with two field 
windings, one of which is fed by a small d.c. generator. 
These two field windings are opposed and at normal 
generator voltage their differential current to the 
booster is zero or very small. 

If the generator voltage rises, the current from the 
transductor regulator increases, outbalancing the d.c. 
generator current and causing the booster to lower the 
exciter voltage. The opposite effect is obtained in the 
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Fig. 22. Circuit for voltage regulation of big alternators, 


event of falling generator voltage. An impulse trans- 
former with its primary side connected to the exciter 
voltage, and its secondary to a control winding in the 
transductor regulator, controls the regulation cycle and 
prevents overcorrection. 


Hard Surfacing with High Frequency Currents 


By E. M. Kouzmak and A. I. KourDIn. (From Avtgennoye Delo, No. 3, 1947, pp. 1-4, 14 illustrations.) 


Tuis method of depositing hard alloys by high frequency 
welding promised to give good results in connection 
with drills used for oil wells and it was therefore in- 
vestigated thoroughly at the Institute for Technology 
of Machinery for Oil Wells. The two main factors re- 
quiring investigation were :— 

(1) The efficiency of high frequency heating coils of 

various shapes and size. 

(2) The physical and mechanical properties of the 

layer deposited by means of h.f. welding. 

The effectiveness of the heating coils was determined 
by the study of distribution and intensity of the magnetic 
field under h.f. coils of different shapes. High fre- 
quency generators of up to 60 kVA rating and a fre- 
quency of approximately 190 kc were used for experi- 
ments. A hard alloy powder with a grain size of 30-40 
mesh was mixed with baked borax at a ratio of 1: 1 and 
1:0°5 by volume. If two or more layers were de- 
posited, one on top of the other, steel filings were added 
to this mixture. 

The deposited metal was tested for hardness and 
wear as well as for its micro and macro structure. 
X-ray analysis was also carried out. 

The wiring diagram for the measurement of the 
magnetic field is shown in Fig. 1. 

Three main shapes of heating coils were tested :— 

(1) The single ring loop type (Fig. 2). 

(2) The single vertical loop type (see Fig. 3.) 

(3) The two- and three-turn, helical and flat, spiral 
types (see Figs. 4 and 7). 
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ig. 1. Wiring diagram for measuring the magnetic field 
potential under a heating coil. 

Y Rectifier. 

S Shunt. 

C Light source. 

mA Milli-ammeter. 


Step-up transformer 110/2200V. 
Oscillating circuit. 

H.F. heating coil. 

Search coil. 

Mirror galvanometer. 
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Fig. 4. Helical type heating coil. 


Figs. 5 and 6 show the results obtained with single ring 
and with helical and flat spiral type heating coils, 
respectively. The curves show that the flat, oblong 
spiral type coils produce the best results. It was found 
that single loop type coils are the least effective, but 
they can be considerably improved by the insertion 
of a magnetic core. 

Working models of heating coils were designed 
based on the test results (see Fig. 8) for top and bottom 
surfaces and (see Fig. 9) for side surfaces. 

The micro and macro structure of the deposit, 
when examined, shows a mainly granular structure of 
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Distance from centre of heating coil. 


Fig. 5. Curves showing distribution and intensity of the 
magnetic field under single ring type heating coils. 


d = inside diameter of ring. 
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Fig. 6. Curves showing distribution and intensity of the 
magnetic field under helical and spiral type heating coils. 
1.—helical type with three turns. 
2.—flat ring spiral type with two turns. 
3,—flat oblong spiral type with two turns. 
4.—flat oblong spiral t with three turns. 
5.—single ring type with d = 20 mm inside diameter 
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Fig. 7. Flat oblong spiral type heating coil. 
































Fig. 8. Flat spiral type heating coil used for production. 


the hard alloy with a small proportion of binding metal. 
The edges of the grains are serrated and indicate that 
the grains are bonded strongly to the surrounding metal. 
The binding metal is found to contain tungsten-carbide, 
(n-phase) and « and y solid solutions. The hardness 
of the binding metal was found to be 74-83 on the 
Rockwell diamond scale (load 60 kg), whereas the 
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Fig. 9. Loop type inductor used for production. 


hardness of the grains was considerably higher, i.e. 
up to 88-93. 

When tested for wear, the deposit showed a loss of 
weight 2 to 4 times smaller than deposits obtained with 
gas flame or electric arc. Other advantages of this 
method are :— 

(a) Ease of regulation of the surfacing process and 
temperature. 

(b) Limiting of the application of heat to a thin top 
layer of the treated metal. 

(c) Minimum heating of the hard alloy allowing it to 
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Fig. 10. Direction of heat oa, with different surfacing 


me Ss. 
(1) Electric Arc. (2) Acetylene. (3) High Frequency 


remain unchanged. This is mainly due to the 
heat flow, the direction of which is from the steel 
to the weld, contrary to the direction with 
acetylene or electric arc welding (Fig. 10). 
It was found that grains of 30-40 mesh gave the best 
results with respect to wear. 

The thickness of the layer was kept between 0'5- 
1°8 mm, but several layers can be deposited on top of 
each other. 

The method described above has been put into com- 
mercial use in one factory with considerable success. 


A Magnetic Fluid Clutch 


(From Technical Report 1213, National Bureau of Standards, 19 pages, 32 illustrations.) 


A NEW type of electromagnetic clutch has been developed 
at the National Bureau of Standards by Jacob Rabinow. 
It operates on the following basic principle: When 
the space between two parallel magnetic surfaces is 
filled with finely divided magnetic particles and a 
magnetic field is established between the two plates, 
the magnetic particles bind the plates together against 
movement parallel to their surfaces. The magnetic 
particles may be finely divided iron which, for most 
applications, is mixed with a liquid, such as oil, to pre- 
vent packing and to afford smoother operation of the 
clutch. When a portion of this mixture is acted on by 
a magnetic field, the iron — are mutually attracted, 
bind together in the field, and the mixture seemingly 
“* solidifies.” As the magnetic field can be produced 
by an electric current, a very simple means is thus ob- 
tained for the control of the binding force over a very 
wide range. 

Preliminary results at the National Bureau of 
Standards indicate that the electromagnetic fluid clutch 
has numerous advantages over many other existing 
types. It is characterized by extreme smoothness of 
action due to the fact that all contacting surfaces, both 
of the plates and of the iron powder, are coated by a 
lubricant. The clutch is easy to control and requires 
very small amounts of electrical power. The control 
is extremely smooth from the minimum, which is de- 
termined by the viscous drag of the oil, to the maximum, 
which is controlled by the magnetic saturation of the 
iron. Unlike other electromagnetic clutches which 
follow a square law, wherein the torque is proportional 
to the square of the electric current, torque in the new 
clutch is proportional to the control current over a wide 
range of torque values. Hence, the clutch is particu- 
larly suitable to servo-mechanism applications where 
linearity and good control down to zero current are of 
primary importance. 

Another unusual and desirable feature found in some 
forms of the magnetic fluid clutch is that the value of 
static friction does not differ appreciably from the value 
of kinetic friction; hence no discontinuities in torque 
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exist at the instant of initiation of slip. This feature 
is one of the principal reasons for smoothness of the 
clutch action, since chattering in an ordinary dry 
friction clutch is mainly due to the difference between 
static and kinetic friction. 

Because it has no axially moving parts, the clutch is 
extremely easy to build, consisting essentially of a driy- 
ing and a driven member which do not change relative 
position, except in rotation. As slipping occurs only 
between extremely fine iron particles and between the 
iron particles and smooth face surfaces of the clutch, 
wear is practically non-existent. Moreover, if any of 
the surfaces are worn off, the iron dust thus generated 
simply adds to the iron powder already in the oil mixture. 
The gaps, as normally employed, are fairly large; there- 
fore, any such wear will have negligible effect. 

The design principles of the magnetic circuit of the 
clutch are no different from those used in all other 
electromagnetic machinery, with the possible exception 
that the value of the permeability of a suitable mixture 
of the carbonyl iron and oil is approximately 8 times 
that of air. Higher permeabilities can be obtained by 
using less oil, larger particles, or aggregates of large 
and small particles, but it is doubtful whether very much 
better values than those reported can be obtained with 
carbonyl E powder mixtures. 

One of the main considerations in the choice of gap 
dimensions is the effect of viscous drag. For example, 
in a clutch of the type suitable for automotive use, se¢ 
Figs. 1 and 2, the viscous drag of the clutch plates when 
the magnet is de-energized must be kept to a minimum, 
while in an overload clutch this effect may be of no 
importance. 

The magnetic clutches thus far built at the National 
Bureau of Standards are of a basic and simple form; 
that is, with the spacing of the plates fixed, though this 
construction has the disadvantage of producing appreci- 
able viscous drag at high speeds when the clutch is 
de-energized. For one of the Bureau experimental 
clutches (Figs. 3 and 4), the drag is approximately 10 
Ib.-in. at 1000 rpm and varies linearly with speed. 
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ig. 1. La electromagnetic fluid clutch suitable for use 
Fig - in aut bil and hinery. 


(This clutch will transmit 40 hp at 3000 rpm.) 


Fig. 2. The clutch shown in Fig. 1 dismantled. 


This drag may be minimized in several ways, such as 
using a thinner mixture of iron and oil, using lighter 
oil, increasing the spacing between the plates, and, of 
course, driving the clutch at lower speeds. Mechanical 
devices which change the spacing of the plates automati- 
cally when the clutch is demagnetized can be employed, 
and the number of other expedients is unlimited. 
Normally this viscous drag is a small fraction of the 
clutch torque, and the heat generated can be readily 
dissipated. In regard to automobile applications, the 
low idling speed of petrol engines is advantageous. 
Consideration of the design of magnetic circuits 
leads to the following conclusions: the use of gaps in 
parallel, or single gaps of large area, entails large 
amounts of iron and small copper losses, while the use 
of gaps in series reduces the amount of iron but requires 
= excitation to overcome the total resultant gap 


Where low inertia is required in the driven member, 
as in high-speed servo work, it is desirable to make the 
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Fig. 3. Cross-section of the first test model of the magnetic 
fluid clutch. 
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exciting coil and magnetic iron a part of the driving 
member as far as possible. Only a very thin member 
is then needed to pick up the torque. 

A problem which arises in connection with these 
clutches is the sealing of the oil-iron mixture in its com- 
partment at the i where the shaft supporting the 
internal member leaves the assembly, and, if an internal 
coil is used, at the point at which the leads are brought 
out. Good results have been obtained by using rubber 
“OQ” rings at the shaft bearing, but there is no doubt 
that other types of packing can also be employed 
successfully. 

The results obtained in the experiments on the 
several forms of the magnetic fluid clutch suggest 
many possible uses. The automotive application is, 
of course, the most obvious one. Unlike fluid couplings 
of the type now common in automobiles, the clutch is 
not a speed-sensitive device; if the load is below the 
slipping torque of the clutch, no slippage occurs and the 
mechanical efficiency of the clutch is 100 per cent. The 
feature which particularly adapts the new clutch to 
automobile use is its controllability, which makes it 
especially attractive for use in automatic transmission 
where permanently-engaged gear trains are clutched in 
and out, depending bs mre the speed ratio required. 
Since the amounts of electrical power required to con- 
trol the magnetic clutch are small, it is a simple matter 
to interlock the electrical circuits with the speed, 
throttle setting, power demands, etc. 


Fig. 4. First NBS test model of practical magnetic fluid 
clutch. 


The field where these new clutches are expected to 
find their main application, however, is in servo- 
mechanisms. Here friction clutches have been used, 
but their lack of smoothness, the changes in character- 
istics caused by wear, their non-linearity, and the poor 
reproducibility of results have given rise to great 
difficulties. The new clutch should go far towards 
solving such problems. 

It was found by experiment that’ the nature of the 
oil used in the magnetic fluid clutch has relatively little 
bearing on performance; hence silicone liquids may 
be employed with excellent results, enabling the clutch 
to operate at very low and very high temperatures, a 
consideration of great importance in military appli- 
cations. 

Another broad field of applications is in constant- 
torque and overload devices where the clutch need 
never be de-energized. Permanent magnet clutches 
are particularly useful for such service. 
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The Rotary Compressor for Mixed Pressures 
(From Die Technik, Vol. 3, No. 2, February, 1948, pp. 75-80, 23 illustrations.) 


By F. KLuce. 


EXTRACTION turbines are used where part of the steam 
flowing through a turbine is to be extracted at a low 
ressure stage and used for other processes (Fig. 1). 
ixed-pressure turbines are fed with live steam at 
the HP inlet and at a lower stage with steam previously 
used in another process (Fig. 2). A rotary compressor 
is in effect the inversion of a turbine and gas can similarly 
be extracted at different stages or fed into different 
stages of the same compressor (Figs. 3 and 4). It may 
be desired to compress a gas to different pressures, and 
this can be done by an arrangement of two or more 


Fig. 1. Working dia- 
gram for an extrac- ~[>—°——'—;— 
tion turbine. 

Fig. 2. Working dia- 
gram for a mixed- 
. pressure turbine. 


Fig. 3. Working dia- +—- 4 
gram for an extrac- | | 
traction compressor. | 


Fig. 4. Working dia- 
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compressors, which is expensive, or by throttling the 
end pressure, which is not efficient. The best way, 
however, is to use one “ extraction ” compressor (Fig. 3), 
but this is not frequently done at present. Also it 
may be necessary to compress gas from different 
pressures to one final pressure, and this can be done 
by an arrangement of several compressors, or better 
by one “ mixed-pressure ” compressor (Fig. 4), which 
is a method of definite practical value although it is 
not yet in use. Obviously multi-stage compressors 
must be used, and the fundamental characteristics and 
design principles of these are discussed in the following. 


Characteristics of a Normal Multi-Stage Rotary Com- 
pressor. 


Fig. 5a gives the characteristic curves for several 
stages of a normal rotary compressor running at con- 
stant speed, i.e. curves showing the compression ratios 
obtained at different stages for varying inlet gas volumes. 
A family of curves (Fig. 6) is obtained for every curve 
of Fig. 5, if the compressor speed is varied. 


‘** Extraction”? Compressor at Constant Speed. 
In an extraction compressor with one extraction 
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referred to the conditions a 
inlet. 


point (Fig. 3), in which the stages before extraction are 
the low-pressure part (LP), and those after extraction 
are the high-pressure part (HP). Since the com- 
pression ratio varies according to the initial gas volume, 
the extraction volume must also influence the total 
compressed gas volume and the pressure which can be 
obtained. Conditions can be clarified if separate graphs 
are drawn to show (a) the LP compression ratio over 
the LP inlet volume ; (b) the overall compression 
ratio over the LP inlet volume; and (c) the HP com- 
pression ratio over the HP inlet volume. These curves 
are typified in Fig. 7 and can be drawn if the design of 
a compressor is known. An intercooler can be arranged 
between the LP and HP stages so that the partially 
compressed air or gas is cooled approximately to the 
initial inlet temperature. Assuming a certain speed, 
when the compressor operates without extraction, under 
conditions represented by point 0 on Fig. 8, the LP 
part will compress a certain inlet volume Vp to a 
certain interstage pressure as represented by point 0 
on curve a. The entire compressor will compress the 
same initial volume to a.pressure corresponding to 
point 0 on curve b, and this pressure can be kept con- 
stant by a throttle arranged at the outlet. The HP 
part will then work under conditions represented by 
point 0 on curve c, compressing the interstage volume, 
Vp, to the same outlet pressure. A certain extraction 
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Characteristic curves of a rotary compressor at 


Fig. 6 (left). 
different speeds 1), 71), etc. 









Fig. 7 (right). Characteristic curves of an extraction com- 
pressor at constant speed. 

a = Curve of LP part, gas volume V, referred to LP inlet conditions. 

6 = —— of the whole compressor, V; referred to LP inlet condi- 





ions. 
c= Ga of HP part, Vs; referred to HP inlet conditions. 
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Fig. 8. Characteristic curves of an extraction compressor at constant speed and with varying extracted volume E’. 
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volume E’ can then be taken from the extraction point 
(interstage). The extraction pressure, as well as the 
final pressure, will drop and the initial gas volume will 
change. Let the throttle at the outlet raise the final 
pressure until the interstage (extraction) gas pressure 
reverts to its previous value, corresponding to the 
ordinate of point 0 on curve 6. The HP part will 
then receive a smaller volume, i.e. the interstage minus 
the extracted volume, of gas at a point indicated by 
0’ on curve a’, and will therefore compress it to a higher 
final — as given by point 0’ on curve c. The 
product of LP and HP compression ratio gives the 
pooner caien ratio which, with the outlet gas 
volume (referred to-inlet conditions), gives a new point 
0’ on curve 6’. Curve b’ can be constructed from the 
known LP and HP pressure curves and c if, for con- 
stant extraction volume, different points 0, 1, 2 on 
curve a are considered in the same way as described for 

t 0.° A new characteristic curve b’ of the whole 
compressor thus corresponds to the unchanged curves 
aand c of the LP and HP compressor parts if, at the 
same speed, a certain constant volume E’ is always 
extracted at the interstage E. The extraction of other 
(constant) volumes E” or E’” similarly leads, under 
identical conditions, to curves 6” or b’” which are 
characteristic of the whole compressor. 


Conclusions to be drawn from the shape of the 
curves are: 

(1) If different gas volumes are to be extracted at con- 
stant pressure at the extraction stage E (points 0, 
0’, 0’) then the outlet pressure must be increased 
by additional throttling, the more so, the bigger 
is the extracted volume. The increase of outlet 
pressure can be gauged from curve d,, Fig. 8. 

(2) If the extraction pressure is to be increased, the 
inlet gas volume must be diminished according to 
the characteristic curve for the LP part of the com- 
pressor (curve a, points 1, 2, etc.). 

(3) The extracted volume cannot be increased indefinite- 
ly but is limited by the surging limit (limit of stability) 
of the HP part (curve c). This limit is determined 
by the design of the compressor, the extraction 
pressure, and the extraction volume. Thus, at 
an extraction pressure corresponding to the ordinate 
of point 2, curve a, a volume E” can still be safely 
extracted, but the extraction of a volume E’” would 
lead to point 2’” on curve c; the unstable zone 
below the surging limit would then be reached for 
the HP part and make continuous operation of the 
compressor impossible. 
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Fig. 9. Characteristic curves of extraction compressor for 
zero extraction at different speeds. (LP part, and the whole 
compressor). 
Dotted curves connect corresponding points if only the speed is 
changed and the valve adjustment is left untouched. 








rg 10 Characteristic curves of extraction compressor 
a Sage and the whole compressor) for constant extracted 
olume E’ at constant extraction pressure and varying sp :ed. 
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(4) The extraction pressure can never be increased be- 
yond the highest point of the LP curve a, and may 
be limited to a lower value if the extracted volume 
is considerable. Again the surging limit is the 
decisive factor. 

(5) If speed and outlet pressure are to be kept constant 
and the extraction pressure and volume are to be 
altered, then the increased outlet pressure which is 
to be expected according to curves d,, d,, etc., 
should be throttled down to the required system 
pressure. 

(6) If the outlet pressure is not throttled down, and if 
the compressor is started up without extracting any 
gas, then, for a given outlet pressure, the extraction 
pressure will drop as gas is extracted and will fur- 
ther decrease according to the extracted volume. 
At the same time, the inlet gas volume must increase 
as the pressure drops at the end of the LP part of 
the compressor. 

‘* Extraction’? Compressor at Varying Speeds. 

For varying speeds, the volume change is 
approximately linear and the pressure varies as the 
square (blowers), or more than the square (compressors) 
of the speed, so that for unchanged valve adjustment 
the characteristic point changes along an approximately 
parabolic line (shown dotted in Fig. 9). If the outlet 
pressure is kept constant, the characteristic point will 
change along a horizontal line, e.g. dy’, by’, by’ in 
Fig. 12, within the working range of the compressor, 
i.e. between the stability limit and maximum load. 
If now a certain volume E£’ is extracted at stage E, the 
curves 5;’, by’ (Fig. 10) correspond to the LP curves 
a and ay. By altering the speed, the outlet pressure 
can therefore be kept constant for constant extracted 
volume even if the total initial volume is altered. The 
extraction pressure will generally not remain constant as 
has been indicated in Fig. 10. 

Experimental Investigations. 

A small centrifugal air compressor dealing with 
8,500 m® air per hour (5,000 cb ft per min) from 143 
to 128 psi was tested with and without extraction. Air 
could be extracted at 28°5 psi after passing two com- 
pressor stages and the first intercooler. Figs. 11 and 12 
show the characteristic curves of this compressor at a 
speed of 9,690 rpm, for zero extraction and for an 
extracted volume of 2,500 m®* per hour (referred to 
inlet conditions) (1,470 cb ft per min) kept constant to 
within + 5 per cent. The LP and HP curves a and c 
should be identical for both test series, but whilst the 
“a”? curves are actually identical, there is a small 
difference between the “‘ c” curves, probably due to the 
difference in air temperature at the inlet of the HP 
compressor part. In Fig. 12, the limit of stability of the 
HP part is reached at point 7, i.e. with a least initial air 
volume (at 14°3 psi) of 7,650 m*/hr (4,500 cb ft per min) 
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Fig. 11. Characteristic curves of the tested rotary compressor 
at constant speed, n = rpm, and zero extraction. 
a = Curve for LP part as a function of Vsip. 
6 = Curve for entire compressor as a function of Vsip. 
c = Curve for HP part as a function of Vsyp. 
P = Limit of stability. 
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Fig. 12. Characteristic curves of the tested rotary compressor 
at constant speed, n = 9690 and constant extracted 
volume, E’ = 2,500 m3/hr (1,470 eb ft per min), referred to 
LP inlet conditions. 

a = Curve for LP part as a function of Vs.p. 

6’ = Curve for entire compressor as a function of Vs_p. 

c = Curve for virB vag as a function of Vsyp. 

P = Limit of stability. 
and the part P — P’ of the LP curve cannot be utilized 
under these conditions. Fig. 13 shows test results if 
the speed and outlet pressure are kept constant whilst 
varying the extracted volume from 0 to the attainable 
maximum of about 5,500 m*/hr (3,235 cb ft per min) 
referred to inlet conditions. The extraction pressure 
decreases with increasing extracted volume. If the 
speed and extraction pressure are kept constant and the 
extracted volume is increased (Fig. 14), the outlet 
pressure also increases. LP conditions should be 
identical for all tests of this series; i.e., points 1 to 4 
of the LP curve should coincide, but they stray slightly 
in the figure. Tests with constant extracted volume, 
constant outlet pressure, and with speeds decreasing 
until the limit of stability is reached, are represented 
in Fig. 15. Since the extracted volume of 5000 
m?*/hr (3,000 cb ft per min) is already near the attainable 
maximum, the speed range must be very limited. 
In fact, the surging limit is reached after a slight drop 
in speed (point 3, Fig. 15). 
Mixed-Pressure Compressor at Constant Speed. (Fig. 4). 

If a certain gas volume Z’, Z’”’ or Z’” at a pressure 

Pp, is added at a stage Z of the compressor, and the 
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Fig. 13. Extraction compressor: Varying extracted volume 
at constant outlet pressure pp and constant speed. 
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Fig. 14. Extraction compressor : Varying extracted volume 

E’ at constant extraction pressure pe and constant speed, 

Dotted_curve gives compressor characteristics for zero extraction 

(from Fig. 11), dotted line gives extracted volume at extraction 
pressure. 
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Fig. 15. Extraction compressor: Constant extracted 
volume of about 5000 m3/hr (3000 cb ft per min) at different 
speeds and constant outlet pressure pp of about 128 psi. 
(PouP/Ps_p = about 9.) 
part before the point of addition is the LP and the 
part after addition is the HP part, then Fig. 16 shows 
the conditions for this type of compressor in a way 
similar to that referred to by Fig. 8 for the extraction 
compressor. Curves a, 6, and c, Fig. 16, are again 
characteristic curves for the compressor working without 
an addition of gas at the interstage Z. At point 0, a 
certain volume at the initial pressure p, is compressed 
to the interstage pressure p, in the LP part of the 
compressor (curve a), the compressed volume, V xp, 
is further compressed to outlet pressure pp in the HP 
part (curve c), and the total compression of the volume, 
Vp (referred to the inlet conditions), is represented 
by point 0 on curve &. If now a gas volume Z’ (re- 
ferred to LP inlet conditions) is added at the interstage 
pressure p,, point 0’ on curve a’, the HP part can only 
compress this increased volume to a reduced outlet 
pressure corresponding to the ordinate of point 0’ on 
curve c. The new point 0’ on curve b’ represents 
conditions for the entire compressor, and gives the 
reduced outlet pressure for the total, i.e. the initial 
plus the added gas volume referred to LP inlet condi- 
tions. Curve b’ can thus be determined for different 
initial gas volumes (points 1, 2, 3, 4 on curve a) anda 


a = Curve for LP part of compress- 

or asa function of Vip. a’, a’’,a’” 

= Auxiliary lines. 

6 = Curves for entire compressor as 
a functions of (V; + Z’)ip. 

6’ for zero added volume Z’. 

b’ for Z’ = 10, 000 m3/hr. 
B ; 6” for Z’ = 20,000 m3/hr 

4 b’” for Z’ = 30,000 m3/hr, 

d Z’ always referred to LP inlet 
P conditions. 


¢ = curve for the HP part of com- 
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Fig. 16. Characteristic curves of a two-pressure compressor at varying added volumes Z’ and constant speed. 
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constant additional gas volume Z’, added at interstage 
int Z. Similarly, curves 5’ and 6’” are found for 
other, constant, additional gas volumes Z” and Z’”. 
From Fig. 16 it follows that for constant speed, 
constant interstage pressure p,, and increasing added 
gas volume, the compressor outlet pressure must de- 
crease. The added volume cannot be increased in- 
definitely, but is limited by the maximum volume the 
HP part can deal with (point X, curve c). If the speed 
and outlet pressure -are to be kept constant, the inter- 


stage pressure p, must increase with increasing added 
volume. ,, however, can only be increased up to a 
certain limit as given by curves a, a’, etc. of the LP 
part. Comparing Figs. 8 and 16, one can regard the 
addition of gas as a negative extraction and draw 
corresponding conclusions for the working of the mixed- 
pressure compressor. 
extracted volume is limited by point P, and the added 
volume by point X of curve c for the HP stages of the 


compressors. 


The main difference is that the 
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Definitions and Symbols for Internal Combustion Engines 


By L. RICHTER. (From Maschinenbau und Wéarmewirtschaft, Vol. 2, No. 7/9, July/September, 1947, pp. 103-107, 
14 illustrations.) 


Tue standard definitions and symbols for Diesel engines, 
used in Germany, have been extensively revised during 
the last decade. In order to facilitate the interpreta- 
tion of results, this article gives a complete list of the 
various coefficients employed in assessing engine per- 
formance, in accordance with the definitions of the 
latest DIN specifications. 


1. BASIC SYMBOLS 


V = volume of combustion chamber, including pre- 
chamber [m‘', litres, cm*]. 

V, =.compression (clearance) volume. 

V, = swept volume. 

V, + V. = maximum volume of combustion chamber. 

z= number of cylinders. 

V, = total swept volume = 2V, for single-acting 
engines, = z (V, cylinder-head side + V, 
crank-throw side) for double-acting engines. 

V,= charging volume = difference between com- 
bustion chamber and clearance volume after 
closing the induction and exhaust valves or 


ports. 
D = cylinder bore [mm]. 
s= stroke = distance between the two dead centre 
positions of a piston [m, mm]. 
n= engine speed [rpm]. 
= mean piston velocity = sn/30 [m/sec] (s in 
metres). 

«= (V, + V;,)/V; = compression ratio. 

» = connecting rod power = power transmitted to 

crankshaft by the connecting rod [kW, PS*]. 

N, = useful (brake or effective) power = N;, minus 
the power required for auxiliaries and dissipated 
by the engine in the form of mechanical losses. 

N; = internal power = power transmitted to the 
piston. 

Niina = N; determined from indicator diagram. 

N= N, + Nj, the frictional power N, being deter- 
mined by driving the engine externally at its 
normal operating temperature but without igni- 
tion. 

N, = blower power including mechanical and thermo- 
dynamic losses of blower. 

N,= N; — (N, + N)) or = N;, — (N, + N) = 
mechanical power loss of engine and auxiliaries 
without blower. 

N, = power output of the ideal engine. 

= torque = K,, N/n = K,p2V, [kgm] V, in 
litres). 

= mean working pressure ** kg/cm?]. 


"PS = 75 kgm/sec = 0-736 kW = 736/746 = 0-986 hp. 


"), M and N can have the subscripts e (effective or useful); k 
(referring to connecting rod) ; v (ideal) ; and r (friction). 
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2. CONVERSION FACTORS C, K, K,, Ky 


C = 860°01 [kcal/kWh for N in kW]. 
= 632°33 [kcal/PSh for N in PS]. 











K Kp Km 
N 
kW PS kW PS 
Two-stroke engine 612 450 1-592 
974-03) 716-20 
Four-stroke engine | 1,224 900 0-796 




















3. EFFICIENCIES AND CHARACTERISTIC 


COEFFICIENTS 


B = fuel consumption [kg/h, m*/h] (m* for gaseous 


fuels at normal temperature and pressure). 


b = specific fuel consumption = B/N [kg/kWh, 
kg/PSh] or [m*/kWh, m°/PSh], with subscripts 
k, e, 4 and wv. 


I il 


B, 
bs 
kg/PSh]. 

W 


I 


lubricating oil consumption [kg/h]. 
specific oil consumption = B,/N, [kg/kWh, 


heat consumption ~ BH, + B, H,, = BH, 


[kcal/h] (H.,, = lower calorific value of fuel, H,,, 
= lower calorific value of lubricant). 
w = specific heat consumption = W/N [kcal/PSh, 


kcal/kWh] (W and N with subscri 
Ny = ideal (theoretical) efficiency 


C/(b» H,) a C/w,. 


ni: = internal efficiency = CN,/W 
C/w; oe ie 


No 


ne = useful (effective) efficiency = 
C/(b, Hu) = C/w. = nv 19 1m (for C, see section 


ni/ 1» = N,/N, = 


2, above). 


Nq = quality (diagram) factor 
b,/b; _— W y/Wi- 


v 


pts Rk, e, i, v, r). 


C/(b; Hy) = 


CN,/ 


ae 


Nm = mechanical efficiency of engine alone = N,/(N, 
+N,) vii N./(Ni—N). 


Nm’= total mechanical efficiency of the installation 


N./N; = N./(N. F N, Ba Nd — b,/b, 


w,/w, = 7.-/n For self-aspirating engines, and 
engines with exhaust-gas turbo-blowers: N,; = 


0, and Vm = 1m 
G,= fresh charge 


‘ 


air or fuel-and-air mixture 
(without residual gases) in the cylinder before 
ignition, referred to atmospheric conditions [kg, 
m*] (per minute, hour, or per cycle). 
G, = total quantity of air = air or mixture delivered 
by the blower (scavenge blower), referred to 
atmospheric conditions) [kg, m*] (per unit time 
or per cycle). 
G,,= theoretical charge = air or mixture in swept 
volume, referred to atmospheric conditions [kg, 
m‘] (per unit time or per cycle). 
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G, = full charge = air or mixture in swept volume; 
in self-aspirating engines (excepting gas engines) 
referred to atmospheric conditions; in super- 
charged engines and gas engines referred to 
conditions in the intake [kg, m*] (per unit time 
or per cycle). 

G, = residual gases = gases from previous charges 
remaining in cylinder after exhaust valve closing, 
referred to atmospheric conditions [kg, m*] (per 
unit time or per cycle). 

G, = specific charge per swept volume = G,,/V, 
[kg/m*] [kmol/m*]. 











A; = G,/G,, = delivery ratio. 
A, = G,/(G, + G,) = scavenging ratio. 
% = G,/G,, = air consumption factor. 
A, = G,/G, = i,/ % = charging efficiency. 
A, = G,/G, = quality factor of gas exchange process. 
A, = a/b = filling ratio (see Fig. 1). 
P 
Fig. 1. Filling ratio 
Ay = a/b, according to _ 
DIN E 1940. 
_ a 
Pg Rs Vv 

















Lmin= Minimum quantity of air required for complete 
combustion of unit quantity of fuel [kg, m’, 
kmol]. 

L = quantity of air available per unit quantity of fuel 

[kg, m*, kmol]. 

Lmin = excess air ratio. 

lower calorific value [kcal/m*] (gaseous fuels), 

and [kcal/kg] (solid and liquid fuels). 


Hl 


A, 


FRANCE 


hy = HU/( + L) = Hu/(l + A Lain) = lower 
calorific value of mixture [kcal/kg, k-al/m’, 
kcal/kmol]. 
poor mixture: A> 1. 
rich mixture: A < 1. 

Gy = weight per unit of power output [kg/kW, «g/PS] 

N, = specific power output = N/2V, or = lv ,/ ZV, 
= pn/K [kW/litre, PS/litre]. 

G,, = weight of engine per litre of total swept volume 


[kg/litre]. 
M, = M/ZV, = K,/p = torque per litre of swept 
volume [kgm/litre]. 


Nx = specific output per unit of piston area = 
N/(ZD? 7/4) (with D in cm) = 3 pc,/K 
[PS/cm?, kW /cm?]. 

Note: The mean working pressure p [kg/cm?| is de- 

termined as follows :— 

If 7 = mechanical equivalent of heat = 427 [kg 
m/kcal]. 

y = specific gravity of atmospheric air [kg/m*]. 
Yo = 1:2928 [kg/m*] = specific gravity of air at 
N.T. 








T.P. 

then for gaseous fuels : 

Fay A |e Ba Fu H,, 

104 Yo AL min 10¢ Yo A Lmin*® 
where Lmin® = Lmin/y [m*]; 
and for solid and liquid fuels : 

Fny 1, Ay Inv, Hy 

104 A Lmin 104 A Lmin® 


A, refers to the aspirated air. 
nH, = C/b (see above). 
F/(104 yo) = 0°03303. 


Diesel Engine Experiments—A Study of Injection Phenomena 


By M. AraGou. (From a paper read before Association Technique Maritime et Aeronautique, 1948 Session, 26 pages, 
21 illustrations.) 


THE combustion process in a Diesel engine is influenced 
by mechanical and hydraulic characteristics of the in- 
jection process and these characteristics are as important 
as are the other factors influencing the combustion 
process, i.e. turbulence, atomization, ignition and flame 
propagation. To study certain mechanical and hy- 
draulic phenomena bound up with the injection pro- 
cess, the author employed a specially designed test 
plant, including the fuel pump and injector assembly 
shown in Fig. 1. Here a variable speed motor operates 
the plunger of an injection pump by means of an 
actuating mechanism which is so designed that various 
types of pumps can be installed. However, all experi- 
ments referred to in the present report were made by 
using an ordinary Bosch Diesel fuel injection pump. 

The camshaft arrangement of the test set is so 
arranged that it reproduces the type of camshaft drive 
used in practice. The fuel pressure gauge on the 
suction side of the injection pump is a piezoelectric 
gauge suitable for measuring rapid pressure changes; 
it is built for a maximum pressure of 20 kg/cm?. As 
shown in Fig. 2, the pressure-sensitive element of this 
gauge consists of a pile of 18 circular quartz pieces placed 
under initial tension stress by means of a spring. The 
working pressure acting upon a diaphragm is trans- 
mitted to the pile through a mobile plunger resting on 
top of the pile. 

The fuel pressure at the injector is measured by 
another piezoelectric gauge (Fig. 3) containing two 
quartz pieces; it is adapted to measuring pressure varia- 
tions of high frequency at pressures up to 800 kg/cm?. 
The pressure is transmitted through a thin diaphragm 
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the deflection of which does not exceed 0:03 mm for a 
pressure variation of 100 kg/cm*, corresponding to a 
volume displacement of approximately 3 mm*. The 
dynamic pressure surge produced by this deformation 
is less than 0°5 kg/cm? whilst the static pressure drop 
in the fuel line amounts to roughly 5 per cent. The 
lift of the injector valve is measured by a variable 
capacitance device attached to the valve stem as shown 
in Figs. 1 and 4. This device indicates the high speed 
motion of the injector valve up to a lift of 5 mm, with 
an accuracy of 0:05 mm. The electric recording device 
used in conjunction with the two pressure gauges and the 
valve motion recorder consist of an oscillograph with 
five systems for simultaneous photographic recording 
and two systems for visual observation. : 
The observation chamber containing the sprayer 1s 
equipped with windows and may be used either at 
atmospheric pressure or at higher pressures. Strobo- 
scopic equipment for observing the fuel spray is pro- 
vided. Fuel oil of the following characteristics was 
used in the tests referred to: 0°85 specific gravity at 
15°C, 4:25 centistokes (1:33 Engler) kinematic viscosity 
at 20° C, and 2°85 centistokes (1°20 Engler) at 40°C. 
The first series of tests was concerned with a study 
of the influence of the dimensions of the fuel line, and 
it was established that a reduction in its length 
diminishes both the injection delay and the length of the 
injection period. The shorter injection delay can 
attributed to the pressure surge effect; while the 
shortening of the injection period is easily explained by 
the fact that the test was carried out with a check valve 
at the injection pump, taking into account the smaller 
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Fig. 1. 





















































Lay-out of test plant. 







(1) Electromotor ; (2) pump plunger drive; (3) Injection pump; (4) fuel line; (5) injector; (6) fuel supply pump; (7) pressure gauge ; 
(8) pressure-tight housing ; (9) revolution counter; (10) stroboscope synchronizer; (11) Neon lamp contact and dial; (12) piezo-electric 
pressure gauge; (13) valve lift indicator; (14) high-pressure piezo-electric pressure gauge. 


compressibility of the volume of oil contained in the 
line at the end of the piston stroke of the injection 
pump. Tests were carried out with the insertion, in 
the fuel injection piping, of different types of non- 
return valves, namely (a) ordinary non-return valves at 
the pump discharge, (6) non-return valves at the pump 
discharge of a type causing a variation of the volume of 
fuel contained in the line at the moment of closure, and 
(c) discharge valves at the injector. Furthermore, com- 
































parative tests without the use of any valve whatsoever 
were also made. It was found that the employment of 
a discharge valve at the injector is preferable to having 
a non-return valve at the pump delivery. Comparative 
characteristic results obtained in the case of injection 
without back-pressure are charted in Fig. 5. These 
data were obtained with a sprayer having three holes 
of 0°32 mm dia. each, the valve lift being 0°55 mm and 
the spring load 120 kg. In both cases the fuel 
rack position was adjusted to give an equivalent power 
output of 620 hp at 1,000 rpm. It will be noted that 
by using a non-return valve at the pump delivery, in- 
jection extended over an angle of 42 deg. (with three 
separate injections taking place) as compared with a 
theoretical injection angle of 16 deg. 5 min.; while 
with the employment of the discharge valve at the 
injector end of the line the actual angularity was 26 
deg. (with a single injection taking place) as compared 
with a theoretical angle of 19 deg. 5 min. When 
operating without any valve in the fuel line, resylts were 
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Fig. 2. High-pressure piezo-electric 
gauge with 18 quartz disks. 
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Fig. 3. Low-pressure piezo-electric 
gauge with 2 quartz disks. 


Fig. 4. Capacitance-type valve 
lift indicator. 
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Tests were also made with 
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a back pressure of 35 kg/cm? 
at the sprayer nozzle, but the 
injector delivery did not 
appear to be materially affec- 
ted by the back pressure. 
In conjunction with the 
employment of delivery valves 
at the injector, the length of 
the injection period was found 
to increase slightly with the 
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back pressure at high engine 
speed; but it remained un- 








obtained comparable with those registered with the 
delivery valve positioned at the injector; the volumetric 
efficiency of the fuel injection pump, however, was 
found to be reduced by 10 per cent, while the injection 
time was slightly increased (based on identical sprayer 
discharge). 

This reduction in the volumetric efficiency would 
seem to indicate that the omission of a non-return valve 
causes the occurrences of voids during the discharge 
of the circuit at the end of the cycle, and the non- 
return valve probably reduces the importance of such 
voids. The test with different injector valve lifts was 
conducted with maximum valve lifts of 0°3 and 0°5 
mm and a valve spring stiffness of 195 kg per cm with 
opening pressures of 125 and 180 kg/cm?. Another 
spring with a stiffness of 374 kg/cm? and an opening 
pressure of 125 kg/cm? was also tried. The increase in 
valve lift improved the volumetric efficiency 
of the injection pump by approximately 18 
percent. This can (at aes partly) be explained 
by the fact that the valve constitutes a 
plunger, an increase in the lift of which 
augments the volume opened up to the fuel 


oe 10 2° 30° 40° SO” 60° 70° 8° 9° O° 10° 2° 31° 40° 50° 


icalieailtias affected at medium speed. 

The fuel is delivered to the suction side of the 
injector pump by a fuel supply pump at pressures 
ranging from 2 to 5 kg/cm?. Variations in the supply 
pressure were found to be without influence upon the 
delivery pressure at the injector. However, the quartz 
pressure gauge placed in the suction line of the injection 
pump registered wide pressure fluctuations in that line, 
with an amplitude as large as 15 kg/cm? in certain 
cases. These pulsations can be suppressed by pro- 
viding an air vessel as borne out by the graphs shown in 
Fig. 6. The analytical treatment of the test data ob- 
tained leads the author to the conclusion that the 
assumptions made by some other investigators, in order 
to explain certain phenomena particular to the injection 
process, are not confirmed by experiment as far as 
— with speeds of the order of 1,000 rpm are con- 
cerned. 





stream, thus decreasing the fuel line pressure. 
The use of injector springs of different 
stiffness did not appear to have any marked 





0-25 kg/cm” 





effect upon the injection process under the 
conditions prevailing. 

With regard to ye discharge from the 
sprayer chon discharge areas of 0°26, 0°29 
and 0°3 mm® were tried, and the volumetric 
efficiency of the injector pump was found to 
increase slightly with, but not quite in pro- 
portion with, the discharge area. 
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6. Pressure fluctuations in suction line of 
hei injection pump, without and with air vessel. 
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Internal Power, Frictional Power, and Mechanical Efficiencies 
of Internal Combustion Engines 


By L. RICHTER. (From Maschinenbau und Warmewirtschaft, Vol. 2, Nos. 10/12, October/December, 1947, pp. 148- 
153, 3 illustrations.) 


Tue power absorbed during the exhaust and induction 
strokes, which constitutes the so-called gas exchange 
process, will be denoted by Nw. This power should 
not be included in the internal (or indicated) power N; 
when making comparisons of different types of engines 
on the basis of indicator diagrams and brake tests. 

The useful (or effective} power N, is the effective 
power developed by the engine while driving all auxili- 
aries such as the ignition timing system, the delivery 
and injection pumps, scavenge blower, cooling fan, 
supercharger, and electric light machines under no 
load.* If the auxiliaries required for the operation of 
the engine are not directly driven by the engine, then 
the power absorbed by these should be deducted from 
the power developed by the engine. 
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V--_. 
Fig. la. Soft-spring indicator diagram of a self-aspirating 
four-stroke Diesel. 
n = 1600 rpm, Indicated mean effective pressure = 7:7 kg/cm2. 


For an engine driving a load, we have N, > 0, for 
an engine on zero load, N, = 0, and for an externally 
driven engine N, < 0. 

The internal (indicated) power N; > 0 is the power 
transmitted from the working medium to the piston. 

The charging power N, is the total power absorbed 
by the gas exchange process (including therefore the 
power required for the blower), or the power trans- 
mitted to the piston during this gas exchange process. 

The frictional power, N, < 0, is the power dissi- 
pated in the form of mechanical friction by the engine 
and all its auxiliaries excepting the blower and the 
scavenge blower. 

The useful (effective) power N, is the algebraic 
sum of the internal power, frictional power, and charging 


power : 
N,=N,+N,4+N, oe oe (1) 


The internal power of two-stroke cycle engines is 
determined by the mean indicated pressure p; (obtained 
by integrating the simply-connected area of the indica- 
tor diagram), and the engine speed. 

If the blower used for scavenging or supercharging 
the two-stroke engine, is mechanically or electrically 
coupled to the engine, or driven by another engine, 
then the charging power will be N, < 0 ; if it is opera- 
ung as.a turbo-blower and driven by the exhaust gases, 
or if the engine is scavenged (or pressure-charged) by 
the oscillations of gas columns in the induction and 





*See Din Draft Specification E 1940: “Engine definitions and 
b) ls *—Verbrennungsmotoren, Begriffe und Formelzeichen— 
. VDI., Vol. 87, 1943, p. 593. 
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exhaust systems, so that no scavenge blower is required, 
then N, = 0 

The internal power of a self-aspirating four-stroke 
cycle engine can be determined from the area repre- 
senting positive work in the double-loop figure of the 
indicator diagram, while the gas exchange (or pressure- 
charging) power N,, = N, < 0 is calculated from the 
lower area, representing negative work (see Fig. 1). 

In supercharged four-stroke engines (see Fig. 2), 
the area representing the internal power is the upper 
(positive) area N; > 0, while the gas-exchange area is 
the area N,, bounded by the lower loop of the indicator 
diagram. N,, can be positive, negative, or zero, 
according as the mean charging or induction pressure is 
greater, smaller than, or equal to, the mean value of 
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Fig. 1b. Soft-spring indicator diagram of the same engine with 
supercharging. 
n = 1600 rpm, Indicated mean effective pressure = 11-1 kg/cm?. 


the residual pressure in the cylinder. 

To charge the engine, one or more blowers may be 
required as, for instance, for the gas and air charging of 
a gas-engine. These blowers are either mechanically 
or electrically coupled to the engine, or externally 
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Fig. 2. p-V diagram of the theoretical Diesel cycle with 
supercharging. 
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driven so that, as in the case of a two-stroke engine, 
they will correspond to a negative blower power, 
N, < 0; or they may be driven by the 
exhaust gases as exhaust-gas turbo-blowers, when 
N, = 0. Four-stroke supercharging by means of 
oscillating gas columns in the induction and exhaust 
systems is sometimes used, intentionally or otherwise, 
but engines of this kind, charged at a very low pressure 
under special operating conditions, should preferably 
be classified with the self-aspirating four-stroke engines. 

In general, the ‘charging power N, of four-stroke 
cycle engines is given by 

N: = Ne t+N,$0..° ..  @ 
where N, = blower power, and N, = power of the 
gas exchange process. 

A second method of assessing the internal power 
of self-aspirating four-stroke engines (Ni = Ny; 
N, = 0), which has been extensively employed in the 
past, consists in adding the negative power of the gas 
exchange process directly to the internal or indicated 
power. The point of the planimeter must then follow 
the same direction as the pen of the soft-spring indicator 
in tracing the double-loop figure of the diagram ; or if 
other means are used for integrating the positive and 
negative areas of the diagram, these areas should be 
added algebraically, so that 

Nu=Ni +N, oe oe (3) 
(Ny designates the power determined by this equation). 
We therefore have in this case N,; = Ny < 0, and 
hence Niu me Ni. 

The frictional power 

N,=N.—Nu oe ois (4) 
has then the same value as given by eq. (1).* 

This second method has not apparently been used 
for supercharged four-stroke engines, or for two-stroke 
engines. It will be seen from the following compari- 
sons that the results of the second method do not agree 
with those of the first method, which is generally used 
for two-stroke and supercharged four-stroke engines, 
and which should also be more appropriate for self- 
aspirating four-stroke engines :— 

First method (universally applicable) :— 

N,= Ni+Ni+N, oa oie oe os (1) 
Im = N./N; = N./IN. —N,— N,] 

=(Ni+N,+N,]/N; .. (5) 
V = 2-/Im =CN/W .. * *2 —— 
W, = Wetm = C/ni ar se ava cs He 
where 7, = mechanical efficiency, »,; = internal 
efficiency, 7, = overall efficiency, W = heat consump- 
tion, w = heat consumption per hp or per kW, C = con- 
version factor (C = 632°32 or 860°01 for w in kcal/hp 
hr or kcal/kWh). 

Second method (previously normal method for self- 
aspirated four stroke engines) :— 

= Na t+tN,=Ni+Ni+ N, oe ae (1,4) 

= N./Nua = N./(Ni + ND) = N./(Ne— Ny) 

= (Na + N,)/Ni = N./(Ni + Nd 
= (N, + Ni+N,)/(Ni + ND 
= 1¢/9ma = CNa/W = C(N; + N)/W 
Wig = Wem = C/nin 
The subscript 4 denotes the calculations particular to 
this second method. 

For both methods we have 
Ne = KIm= Mame =C/w, -.  «- we (8) 
2 m/ Ama = Nia/1i = Wi /Wa=(Nit+N)/Ni=Niu/Ni) (9) 


*See also: F. A. F. Schmidt, Verbrennungsmotoren (I.C. engines), 
Berlin, 1939, Figs. 85 and 79. 
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The heat consumption is 
W=N,w, = N;4; = Nuvi -» (10) 


N; is the actual internal power; Nj, (second 
method, eq. (3)) also includes the power used fcr the 
gas exchange process, which can be different for the 
same value of N;. Therefore y;, and w,, are not really 
characteristic of the quality of the direct conversion of 
the fuel energy, but are modified by the inclusion of 
the gas exchange process. 

ince the second method is no longer employed 
for two-stroke or supercharged engines, because its 
results become more and more difficult to appreciate 
the greater the power absorbed in the gas exchange 
process, it should in fact also be discarded for self- 
aspirating four-stroke engines, in accordance with Din 
draft specification E 1940.* The discrepancies increase 
with decreasing power output at a given speed.t 

In an Otto engine the throttle decreases the internal 
power N;, but increases the absolute value of N;. This 
can be approximately represented by the following 
equation 

Nip — N: = aN; ee oe (11) 


where a < 0 is a parameter depending on the engine 
type and speed. In Otto engines without a blower, 
the throttle control has the effect of raising the gas 
exchange power while decreasing the useful power, so 
that the differences in the results of the two methods of 
evaluation will become greater than in the case of Diesel 
engines. 

By including the gas exchange process in the internal 
power N;, in the second method, and using eqs. (4) 
and (5,), the processes in the conversion of chemical 
energy into internal work become less easy to appreciate, 
and conversely, an estimation of the quality of the 
energy conversion from the internal efficiency by eq. 
(6) becomes difficult if not impossible. Therefore, the 
calculation of the internal power should be made by 
using the first method, for all types of engines, accord- 
ing to DIN E 1940. 

The “ mechanical efficiency ’’ determined by eq. 
(5) is different from the “‘ partial mechanical efficiency ” 
amt = N./(N. + N,) which would also be useful in the 
first method, in determining the distribution of losses 
and in finding the main sources which cause losses and 
inefficient functioning. 

The algebraical sum N, + N, = N,, determines 
the mechanical power absorbed by the engine and all 
its auxiliariest+ and can generally be determined more 
easily in tests than the frictional loss N, alone. 

If the charging and scavenging equipment can give 
suitable indicator diagrams but cannot easily be tested 
without the I.C. engine to determine the power 
absorbed, then the best solution will be to put N, 
equal to the internal power of the corresponding equip- 
ment (for instance in self-aspirating four-stroke engines 
or in engines with crankcase scavenging), while their 
contribution to the frictional power will be included in 
that of the engine. 

In other cases it will be better to put N, equal to 
the shaft power of the blower, or blowers (in engines 
with separate gas and air blowers) if, for example, they 
are externally driven or if the power absorbed can 
easily be determined separately for each blower. In 
externally driven blowers the charging power N, 
should also include the power required for the mechani- 
cal drive, and this sometimes leads to complicated 
calculations. 





*See also: H. List: Thermodynamics of the internal combustion 

oo Vienna, 1939; and H. List: M.T.Z., Vol. 4, 1942, pp. 
+See also: K. Ullmann: Forsch. Ing.-Wes., Vol. 11, 1940, PP- 
300-302. 


ttSee : Rules for acceptance tests of I.C. engines and gas generators 
including exhaust heat regenerators, Berlin, 1930. 


THE ENGINEERS’ DIGEST 











stion 
» PP. 


» PP. 











DESIGN AND WORKSHOP 


A Digest of articles of interest to Works Managers, Planning and Production Engineers, Superintendents, Fig 
and Tool Designers, Inspectors, Time Study Engineers, and all those concerned with the practical aspects 
of Engineering. 

















Shop-Run Tolerances 


By L. M. NIELSEN. 


Lack of acceptable tolerance specifications on manu- 
facturing drawings can cause the loss of much material 
and time. This is especially true if a manufacturer 
purchases parts or sub-assemblies from outside sources 
or performs specialized operations such as casting, 
stamping, or screw machine in separate divisions of 
the company. 

It is common practice to indicate tolerances for 
decimal dimensions on manufacturing drawings. 
Tolerances for fractional dimensions are usually de- 
termined by established rules such as plus or minus 
1/,-in for dimensions over {-in. But when dimen- 
sions exceed ten or twelve feet, these tolerances are 
unnecessarily close. Allowable variations for dimen- 
sions of form such as squareness, parallelism, taper, 
eccentricity or out-of-roundness are usually not specified. 

When manufacturing drawings are dimensioned 
according to this practice, much misunderstanding and 
confusion can result. It is necessary for the purchasing 
divisions or plants to know the tolerances within which 
the work may be expected to run, particularly where 
such tolerances are not indicated on the drawings; 
otherwise, the purchased items will not be acceptable. 
The manufacturing department where much unskilled 
and semi-skilled labour is employed, can not clearly 
define the limits of acceptability to the machine operator. 
The verbal interpretations that are made may be unfair 
and inconsistent. 

In order, therefore, that the operator may know 
what class of work-is required, that the inspector may 
know the limits within the work should fall and that the 
engineer may know the quality of workmanship he 
may expect, a set of tolerance standards known as, 
“General Shop Practice”? have been established in 
many plants. The collection and co-ordination of this 
information for the use of the engineers, draughtsmen, 
planners, supervisors and inspectors can avoid much of 
the former misunderstanding. 

When these tolerances have been established, the 
designer can indicate on the drawings any closer toler- 
ances that are required for the functioning of the part. 
The manufacturing foreman is also aided by being able 
to determine when equipment needs repair or adjust- 
ment. When the. inspection of the part indicates that 
the upper or lower dimensional limits are being 
approached, the machines or fixtures can be repaired 
or, if necessary, the operator can be given further 
instruction in the operation of the equipment. 

It is advantageous to have representatives of the 
various departments meet and discuss acceptable toler- 
ance standards within which work can be economically 
produced. This coordination can result in clarification 
of various manufacturing and engineering practices and 
provide a source of information for dimensional limits 
for which no tolerances or special instructions are given 
on the drawing. A shop-run tolerance committee is a 
good source for approval of all data before it is issued 
or changed. 

A variety of interpretations are often given for many 
supposedly common shop terms. A glossary in the 
tolerance standards giving definitions for these terms 
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(From Product Engineering, U.S.A., Vol. 19, No. 5, May, 1948, pp. 142-144.) 


will aid in avoiding this condition. 

Since each division or operation such as foundry, 
stamping and screw machine, has its particular limitations 
on general run of work, standards for shop-run toler- 
ances can therefore be established for each manufactur- 
ing unit. The requirements of the various divisions 
that purchase parts often differ. Shop-run tolerance 
standard sheets can be added to include these different 
requirements. 


FOUNDRY TOLERANCES 

So many different techniques are used in the casting 
of metals that it is difficult to set up tolerances that 
would be applicable to all foundries. The type of 
moulding equipment, as well as the grade of patterns 
used, will affect the quality of the castings as manufac- 
tured. The size and quantity of castings required 
naturally determine the quality of pattern equipment 
that can be economically provided. 

The dimensional variations in castings will increase 
as the processes change from mechanical operations 
to hand work. In some cases the accuracy required 
in the final casting may justify a metal pattern or an 
expensive hardwood pattern. Generally, when a small 
quantity of castings is required, inexpensive wood 
patterns which with proper handling will produce from 
fifty to one hundred castings are used. If wood 
pattern equipment is used, the casting variations are 
considerably increased. This not only makes it im- 
possible to maintain close dimensions for any length 
of time but also makes it necessary to allow ‘clearances 
in the core prints and at the joints of the cores: Average 
variations of plus or minus ;;-in per foot of size usually 
are found in all castings made from wood pattern 
equipment used in conjunction with an assembly of 
cores. Finish allowances should be made to take care 
of these variations. 

Dry sand cores allow more dimensional variations 
in castings than green sand cores used in conjunction 
with the booking process. The reason for the added 
variations is the accumulation of errors caused by core 
making, core drying and core setting as well as the 
inherent resistance of metal to shrinking around a dry 
sand core. Close casting tolerances resulting from the 
use of the booking process are made possible by the 
close fits for pins and bushings and avoiding hand- 
setting of the cores. 

The use of metal core dryers reduces variations 
and gives better surfaces on castings. On small castings 
where a core is a necessity, metal core dryers are essential 
to hold close tolerances. When making large cores, 
metal dryers are expensive, but when tolerances must 
be held this expense may be justified. 

Wood patterns and wood core boxes are used when 
making relatively small quantities of large castings. 
The large dimensional variations that result are caused 
by the clearance for loose pieces, fit of core prints, 
clearance on flask pins and plates on pattern boards, 
pins and bushings in flasks and strains and shrinkage 
in moulding. Added allowance for finish has to be 
made on large multi-cored castings where the individual 
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‘TABLE I. TOLERANCES FOR GREY IRON CASTINGS 














Description of Casting. Type of Pattern Tolerance. 
* Equipment Used. 
Castings within a 6-in cube in size such as : Metal patterns + 3/g4 in 


motor caps, conduit boxes, etc. 


Metal patterns with dry sand cores 


{ Wall thickness : = 
apa is eS ‘ae in 





Castings up to 9-in dia. and 10-in high 


Metal patterns without dry sand cores 


Wall thickness: + 3/g4 in — 
Height: + 3/32 in, — 1/32 in 





Electric motor end shields 9-in to 15-in dia. 


Metal patterns with green sand cores Height: + 3/32 in, — 1/32 in 


Wall thickness : + 1/16 in 
Out of round: + 1/32 in 





Castings up to 10-in dia. and 7-in high 


Cast steel flask equipment with booked 
castings or cores capped in green sand 


Wall thickness : + 1/32 in 
Height : + 1/36 in, 1/32 in 





Large multi-cored cast made in small 
eee with > from j-in to 
-in 


Wood patterns with wood core boxes 


Wall thickness: + 1/16 in 





Large multi-cored frthickn made in small 
quantities with wall- ess over l-in and 
over 30-in in length in any direction 





Wood patterns with wood core boxes 


Wall thickness: + 3 in 
Height: + }into + }in 
Finish allowance : 3/1 in to } in 








cores are subject to separate movements in many direc- 
tions. 

Castings made by using solid patterns will have 
better dimensional accuracy than those produced by 
patterns having interchangeable parts. However, when 
small quantities of large right and left hand castings 
such as steam inlets on turbines are required, the high 
cost of patterns makes the use of inserts economically 
justifiable. Split patterns of the insert type require 
careful setting in order to avoid shifts. 

The shop-run tolerances for castings produced by a 
grey iron foundry are shown in Table I. The toler- 
ances given for small castings are based on the use of 
slip flask equipment and pouring with metal mould 
jackets. 


STAMPING TOLERANCES 


Tolerances that can be maintained in production 
are affected by so many elements that it is extremely 
difficult to give any set of rules or allowances. The 
kind and thickness of material used, the size of the part, 
dimensions and amount of reduction between draws, 
number of holes or slots, and their relation to bends, 
periphery and other holes, all affect the tolerances that 
can be maintained in blanking, piercing, and forming. 
Table II gives blanking and piercing tolerances. 


TABLE II. BLANKING AND PIERCING TOLERANCES. 








Thickness Up to Up to Up to 
of Material 3-in wide 8-in wide 24-in wide 
0-025 0-003 0-005 0-008 
0-030 0-003 0-006 0-010 
0-060 0-004 0- pod 0-012 
0-084 0-005 0-009 0-014 
0-125 0-006 0-010 0-016 
0-187 0-010 0-016 0-025 
0-250 0-015 0-020 0-035 














It should be noted that these tolerances are all plus 
for blanking operations. The size of the blanking die 
determines the size of the blank produced, and as the 
die is ground to resharpen, the die becomes larger be- 
cause of clearance angle on the sides, and thus causes 
the blank to increase in size. For tolerances on pierced 
holes, the figures given should be used with a minus 
tolerance. The diameter of a hole in a blank is de- 
termined by the diameter of the piercing punch, and 
since the punch wears with use, the hole pierced will 
become smaller, and the tolerances should be on the 
minus side. Of course, the hole in the die for the 
pierce punch also becomes larger with wear, but this 
only increases clearance between the punch and die, 
and results in an increased burr. This does not increase 
the dimension of the pierced hole in the blank. 

These tolerance values can ordinarily be maintained 
on steel, brass, copper, or aluminium parts. Softer 


272 


materials, such as fibre and rubber, are not subject to 
these tolerances. Usually these materials require 
greater tolerances than those shown in Table II. To 
maintain closer tolerances on such material, a compound 
die can be used. For thicker metallic materials shaving 
operations are used. The use of a compound die will 
usually increase tool cost, and the addition of a shaving 
operation will increase the manufacturing cost of 
a punching. 

Allowable tolerances on bent parts are shown in 
Table III. Distinction is made between parts bent 


TaBLe III. ToLeRANCES FOR BENT Parts. 





ANGULARITY OF BENDS OF PUNCHED PARTS 
(MADE ON REGULAR DIES) 


6, OR B2= BASIC DIM. A, OR A, *-003 
FOR DECIMAL DIM. 

B, OR 8,= BASIC DIM. A, OR A, t-005" 
FOR FRACTIONAL DIM 

ANGULARITY TOLERANCE SHALL NOT 


BE ADDED TO LINEAR (DIMENSIONAL) 
TOLERANCE) 











B=t-O10 PER |"OF ‘A’ 
“B" SHALL NOT BE 
ADDED TO LINEAR 
TOLERANCE OF 'C" 








TOLERANCE ON DIMENSIONS OF PARTS 
(USING BENDING MACHINE) 


e—A-4 
— | 
Fj TOLERANCE ON DIM. 
A A UP, TO % THICK +-008 
| f | #TORTHICK 4-015 
i 





=] 
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with dies in a punch press and parts bent on a brake 
or similar equipment. 

For squareness of sheared parts, + 0:003-in is 
allowed where the dimension is given in decimals, and 

lus or minus 0°010-in on fractional dimensions for 
each l-in of length along the surface being measured. 
This tolerance is not added to the linear tolerance but 
is for squareness only. 

On flatness of punched parts, tolerances of 0°005-in 
per inch of length are usual. On bronze parts less than 
0'040-in thick, tolerances of 0°010-in per inch of length 
are allowed. A flatness of 0°001-in per inch can be 
maintained where the design will permit the use of a 
stippling die. 

When punching washers with stock dies, the toler- 
ance for eccentricity between hole and outside diameter 
is 0'004-in on 1-in o.d. or less, and 0:008-in on o.d. over 
one inch. 





High Frequency Heating Used 
for Turbine Shaft Repair 


(From The Commonwealth Engineer, Australia, Vol. 35» 
No. 8, March, 1948, pp. 325-326, 2 illustrations.) 


SAVING of several days in the repair of the fractured 
shaft of a 25,000 kW turbo-alternator at the Bunnerong 
power station of the Sydney County Council was 
achieved recently by the use of high frequency heating 
during welding operations. 

The break occurred about 24-in from the steam- 
inlet and at a point where the diameter of the shaft 
measured 44-in. Machining off square the old shaft, 
back to the step, increased its diameter to 5-in. This 
end and the end of the stub were then oxy-cut to double- 
U preparation and ground off. After the shafting had 
been lined up, the first application of high frequency 
heating was made. 

A high frequency induction heater, with 20 kW 


high frequency output operating at 450 kc/s, was used 
for preheating. A work coil, consisting of a few water- 
cooled turns, was wound over the shaft for approxi- 
mately 6-in on either side of the fracture. 

Rapid heating was obtained by adjusting initial out- 
put of the induction heater to 10 KW; a thermocouple 
lashed to the shaft indicated when the desired tempera- 
ture (500 deg. F) was reached. This stage lasted approxi- 
mately one minute. The output was then reduced to 
2 kW. With power applied intermittently for about 
five minutes, the temperature was equalised throughout 
the core of the shafting while being maintained at 500 
deg. F. 

With the first stage of heating completed, the work 
coil was moved aside to allow the first run of welding 
to be made. Electrodes, of j-in dia. and using 175 
amp d.c., were used for this run. The shafting was then 
turned over and chipped out. As this chipping took 
some time, the shaft cooled down considerably, necessi- 
tating further preheating. This was carried out in a 
similar manner to the first operation. 

Another run with the ;-in electrodes was made 
and then one with }-in electrodes using 300 amp. 
This operation built up the weld to a thickness of 
approximately 2-in. 

At this stage it was decided to make a radiological 
examination of the weld. Before the gamma-ray 
photographs could be taken it was necessary to normalise 
the weld. This was done by heating to 500 deg. F and 
holding that temperature for approximately 30 mins. 

The radiological examination having found no flaws, 
the shaft was again preheated and welded as before. 
Welding continued until the diameter of the shaft at 
the point of fracture was up to the required size. 

A final normalising operation was conducted by 
first heating as before and holding the temperature for 
about one hour by intermittent operation of the induc- 
tion heater. The temperature was then lowered uni- 
formly to 200 deg. F by decreasing the power output 
over a ninety-minute period. At this latter tempera- 
ture a final check with a gamma-ray photograph was 
made. 


The Design of Surface Broaches 


By A. ScHatz. (From Werkstatt und Betrieb, Germany, Vol. 81, No. 1, January, 1948, pp. 1-9, 24 illustrations). 


DgsIGN data for surface broaches cannot be derived 
from a simple set of mathematical formulae because 
too many factors influence the choice of the designer. 
The most suitable design can only be found as a result 
of practical experience and technical understanding of 
the broaching process. Not only the form of the 
broaching teeth but also the design of the broach 
assembly requires consideration. This assembly should 
allow for adjustments of the teeth rigidly fitted together, 
be partly adjustable, and consist of simple component 
parts rigidly and accurately secured together to with- 
stand appreciable forces. 


FACTORS INFLUENCING DESIGN 

A. THE WORKPIECE 

The material to be machined determines the cutting 
depth per tooth, the tooth angles (Fig. 1), the arrange- 
Ment and width of chip breaking grooves (Fig. 2), the 
size of the chip space and the pitch of the teeth (Fig. 3). 
As cutting takes place the metal removed in the form 
of chips is compressed, and becomes thicker and wider. 
Grooved teeth must allow space for the widening chips, 
and the tougher the metal to be machined, the wider 
and more numerous the grooves must be. Very tough 
Materials require the use of highly alloyed tool steels 
for the broach segments. The rigidity of the work 
piece and its support is important because any lack of 
Tigidity will allow it to be pressed back from the broach. 
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Such pressing back must be limited, if necessary, by 
a reduction of the rise per tooth or by an increase of 
the pitch, but either or both these measures will in- 
crease the overall length of the broach assembly. The 
finishing broach segment must compensate for this 
effect by comprising a number of teeth having a very 
small rise per tooth and a number of sizing teeth ground 
to finish dimensions. The side thrust S produced by 
the tooth angle \ (Fig. 2) makes it necessary for this 
angle to be correctly chosen. In difficult cases, side 
cutting (Fig. 4) may increase rigidity, but for this a 
free space at the side of the surface to be machined 
is necessary (Fig. 5a), and if this is not available, at least 
one broach segment with teeth stepped in wedge form 
(Fig. 5b) must precede the side-cutting segments. 
Forged or cast work pieces have widely varying mach- 
ining allowances' and the number of teeth must be 


Fig. 1. Rise per tooth and tooth angles. 
a = Rise per tooth, y = rake angle, a = clearance angle. 











Hh 


Fig. 2. Chip spaces and chip breaking grooves. 
A = side rake angle, S = side thrust. 

increased to allow for these variations, especially if 
deep-cutting broaches are used. The teeth which have 
to remove the greater part of the hard surface or scale 
will wear more rapidly than others. Side cutting may 
equalize wear since variations in allowance are taken 
up by the tooth width, and the hard skin is quickly 
undercut from the side. A few deep-cutting sizing 
teeth may be arranged behind the roughing teeth and 
give the required finish. In most cases however, side- 
cutting broach segments have to be longer and are more 
expensive than the normal type. 


B. MACHINING SURFACE 

The length and width of the work surface determine, 
for a given machine power and work material, the 
number of teeth that can cut simultaneously without 
overloading the machine. This fixes the tooth pitch 
which, however, cannot be smaller than the minimum 
pitch required for the specified work material. The 
pitch and total machining depth determine the overall 
length of the broach assembly and decide whether 








Fig. 3. Chip spaces and minimum tooth pitch. 
(a) for short and medium machining lengths ; (b) for great machin- 
ing lengths. 
d = width of land, h = tooth height, r = root radius of chip spaces, 
t = tooth pitch. 
Recommended values: r = 0°4 to 0:64; h = 0:41 for normal 
broaches, 0-3 ¢ for longer machining length and large tooth pitch, 
and d = 0:3 t0 0:25 ¢. 


Fig. 4. Cutting in depth and cutting sideways. 
(a) Depth-cutting ; (b) side-cutting. 
a = rise per tooth, A = total machining depth, 
R = direction of thrust. 


machining can be completed in one stroke. On long 
and narrow work surfaces, a high side rake angle \ can 
induce the chips to roll sideways out of the b-oach 
(Fig. 7), and the minimum pitch can then be reduced 
accordingly. A certain amount of side rake is also 
favourable for reducing shock loads when a tooth starts 
or finishes cutting (Fig. 6). The angle must be zero, 
however, for keyway or profile broaching because the 
chip must never be urged against an adjoining face, 
The shape and distribution of work faces to be machined 
also influence the choice of broach assembly and side 
take angle (Fig. 8). Side thrusts can often be balanced 
by a suitable arrangement of the raked teeth on sym- 
metrically arranged broach segments. The work piece 
should always be pressed against the most rigid parts 
of its support, and broach assemblies should be adjust- 
able, wherever possible. If adjustment is not possible, 
e.g. for profiling work, the teeth must be ground to 
closer tolerances. Broaches should also be re-adjustable 
after sharpening, (see Fig. 18), otherwise reserve teeth 
can be arranged behind the sizing teeth and, on re- 
sharpening, take over part of the sizing cut whilst some 
sizing teeth are ground down for roughing. With this 
arrangement, the pitch for roughing and sizing teeth . 


YY...” [LIES 
a — 2 —; a 6 
¢ 


Fig. 5. Side-cutting arrangements. 


(a) cut can be started from the side i (b) cut cannot be started from 
e side. 
a = side-cut I, b = side-cut II, c = wedge-cutting segment. 














im 





ai 
Fig. 6. Relationship of length and width of machining face, 
tooth pitch, and side rake angle. 
(a) for short and narrow machining faces; (b) for long and wide 
a, a’ = rise per tooth; }, b’ = width of machining face for the 
broach segment considered, J, i’ = a of machining face, 
A, A’ = side rake angle. 

must be equal. The use of special high-speed steel 
may increase the broach life. 

The broaching operation must be divided into 
several strokes (a) if broaching of all specified surfaces 
in one pass would not allow secure and rigid clamping 
of the work piece; (b) if the work piece is too bulky for 
different faces to be machined in one clamping position; 
(c) if work surfaces are too wide and cuts too heavy for 
the available machine power, and (d) if broaching in 
one pass would require a too complicated broach 
assembly. In this latter case, special positioning jigs 
may facilitate consecutive cutting? (Figs. 9 and 10). 
The required surface finish influences broach design 
and close machining tolerances require a small rise pet 
tooth for finishing as well as a number of sizing teeth 
ground to the precise finish dimensions. High-quality 
steel must be used in order to keep within specified 
tolerances as long as possible. A high surface finish 
also requires a small rise per tooth for finishing and 4 
large number of sizing teeth. Rake and clearance 
angles (Fig. 1) must be increased, even at the expense 
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Fig. 8. Arrangement of broach segments according to the 

; surfaces to be broached. Example of bearing cover. 

' (a) broaching the hollow part ; a = broach segment. 

 (b) broaching the side faces; a = broach segment I, b = segment 

4 Il; c = broach support. 

' (c) broaching front and joint faces; a = broach segment I; 6 = 
segment II; c = segment III; d = segment IV; e = broach 
support. 

of tool life. Choice of rake angle in correct relation to 

the pitch of the teeth obtains smoother cutting opera- 

tion by the machine and, consequently, a smoother 
surface finish is produced. 


| C, THE BROACHING MACHINE 
The power of the machine limits the number of teeth 
_ that may cut simultaneously and thus determines tooth 
» pitch and the length of the broach bar or segment. 
Although the minimum pitch is decided by the work 
material, the available power may require a pitch larger 
than this, especially as allowance must be made for 
blunting of the cutting edges. Two to three teeth 
should generally cut simultaneously. The load also 
decreases when the rise per tooth is reduced, and the 
pitch can then be smaller. However, the specific load 





Fig. 9. Multiple-cut broaching with double in-feed. 
4 = broach ‘segment; 6 = broach support; c = work piece. 
ull lines indicate first broaching position, dotted lines the position 
for the second cut. wv = in-feed movement. 
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increases with decreasing rise and the broach bar is 
longer and more expensive than one having a large 
pitch and a large tooth rise. A small rise should there- 
fore only be chosen where shockloads due to teeth 
starting to cut and running out of the cut can also be 
appreciably reduced. The available machine stroke 
May require subdivision of the operation into several 
cuts. Two identical cuts may then be taken, with an 
in-feed of the work piece (Fig. 9). Where two broach 
bars can be arranged side by side and the work pieces 
are brought into the alternative broaching positions by 
a turntable or positioning jig, different faces may be 
broached consecutively or simultaneously (Fig. 10). 








Fig. 10. Maultipl hing with two different sets of 
segments. 

(a) Simultaneous broaching with both sets. 

(b) Consecutive broaching. 

a, = broach segment I, ag = segment II. : 

b = work piece before broaching ; c = finish broached work piece; 

d = indexing turntable with 45 deg. index angle. 


D. MANUFACTURE OF BROACHES 

Available facilities for manufacture and, especially, 
for tooth grinding, determine the dimensions of broach 
segments and the arrangement of broach assemblies. 
Profile cutters and grinding disks must have a free run- 
out, and complicated broach profiles should be built 
up from different segments having either high or flat 
part-profiles. Profiles which can be ground between 
centres, and straight forms -hich simplify the co-ordina- 
tion of table and grind z disk feeds should be pre- 
ferred. Two adjoining faces forming a sharp edge 
can only be broached by two segments with overlapping 
teeth (Fig. 15) or by segments which cut consecutively. 
Overlapping teeth should be displaced in relation to 
each other so that shock loads are reduced. Distortions 
due to heat treatment limit the possible length of 
broach segments. Available facilities for re-sharpening 
also influence the design of broach bars or segments®. 


DESIGN DATA 
A. CUTTING ARRANGEMENT 
(1) Broach fed into depth (Fig. 4a). This arrangement 
is normal for rigid or rigidly supported work pieces, 
pre-machined surfaces, roughing and finishing cuts, 
and sizing; low manufacturing costs, and small 
overall broach length, but liable to lead to high 
cutting forces and short tool life. 
(2) Broach fed sideways (Figs. 4b, and 5a). This 
arrangement is for work pieces which are not 
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Fig. 11. 





Fig. 12. Draw-type broach for use on a horizontal 
, broaching machine. 

a = broach segments; 6 = broach slides; c = gib 
wedges for broach adjustment. d = face plate of mach- rs) 
ine. (Design Forst). 


Push-type broach for use on a hydraulic press. 


= broach segments ; 6 = broach bar; c = hardened guide rails; 
= machine table; e, f = clamping jaws of work-holding fixture. 


d= 
(Design F. Werner). 











Fig. 14. Broach assembly for vertical surface 
broaching machine, secured to broach slide 
by dovetail and clamping bar. 

broach segments; 6 = broach support; 
distance piece; d = fastening screws; 
adjusting set screws; f = key transmitting 

oad from segments to support. (Design F. Werner). 


sufficiently rigid or rigidly supported, 
rough cast or forged surfaces, and 
roughing cuts only. Free side space is 
required ; more expensive, and longer 
broach lengths, but lower cutting forces 
and longer tool life. 


(3) Broach fed in wedge form (Fig. 5b). 
Used only to precede side-cutting 
segments where free side space is not 
available. Otherwise as for (2). 
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Fig. 13. Broach assembly for a vertical surface broaching 
machine, secured to the broach slide by screws. 

a = broach segments ; 6 = broach plate; c = key transmitting 

load from segments to plate; d = broach clamps; e = feather 

for location of broach plate on machine slide; f/ = key trans- 

mitting load from broach bar to machine slide. (Design F. Werner). 


B. RISE PER TOOTH. (Dimension “a” in Figs. 1 and 
4). Values in thousandths of an inch. 





Depth-cutting 
! 
finishing 
0-4 4:0 


Side-cutting 


Work material roughing 


1-2 to 2° 


2°5 to 4: 
2°5 to 4: 
4:0 to 10: 
ae 4:0 to 12: 
Cast bronze .. .. |12-0 to 24: 
Aluminium alloys, 

Zinc die castings... 4:Oto 8: 
Magnesium alloy die 

castings ‘ 


roughing only 





High-quality steel 

Medium or and 
cast steel .. ae 

Malleable iron 

Grey cast iron 

Brass .. 


6:0 


8-0 
12-0 to 20:0 
not used 


o o ecoooo © 


8-0 to 16- 





The lower values should be used for work pieces 
which are not rigidly supported, for close machining 
tolerances, high surface finishes, and for short work 
surfaces (shock loads). 


C. TootH Contours (Figs. 1 and 2). 





Work material 


Rake angle, 
roughing and 
finishing 


Clearance angle 


roughing finishing 





High-quality steel 


10 to 12° 


Medium quality steel ; 


Cast steel 
Malleable iron 


Grey cast iron, soft 
hard 


Brass 


Cast bronze 


Lead bronze, white metal 


soft .. 
hard .. 


finishing | 
only 


0 
0-12 in land- 
ing 


Zinc die castings ae y 
Aluminium-alloy die castings 
Magnesium-alloy die castings ee 
Wrought Aluminium alloy (Duralumin) 
Cast Aluminium alloys (with Silicon) 
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Grooved teeth must be specially smoothed for die 
castings and light alloys. 

Chip breaking grooves, for roughing cuts only, 0°02 
to 0°08 in wide, 0°02 to 0:04 in deep, arranged at 3/8 


to 5/8 inch distance. 


D. TooTtH PiTcH arin x 
Minimum pitch tmin = 3 +/alx > °/,. inches (since 
smaller Sauces ane difficult to make). ‘ 
Where / = machining length. 
rise per tooth (see B). 


= Available machine loading = 0°77 Pmax, 
allowing 30 per cent as a reserve for load 
increases due to blunting of teeth. 


The pitch should be large if the work piece is not 
sufficiently rigid. For broaches with reserve teeth 
which are adjusted to use by grinding down finish- 
ing and sizing teeth, the roughing, finishing and sizing 
pitches must be equal. 


E. SpecIFIC CUTTING ForcE &, in tons per square inch. 





a 
x = 3 to 4 for roughing, and 6 for 
finishing cuts on brittle materials. 
x 4 to 7 for roughing, and 8 for fin- 
ishing cuts on ductile materials 


Work material 


Side-cutting, 

rise per too 
in thous. 

20 ; 6:0 | 4:0 | 24 | 10 | 4:0 


_ ° Deep-cutti 
rise per tooth in thous. 


2°4,; 1:2 





giving long-drawn chips. (The 
lower values to be taken for deep, 

~ and the higher values for fine cuts.) 
The factor x indicates the per- 


Cast steel 


High-quality steel .. <7 180 
Medium anne me. sie pio 140 


Grey cast iron. 


220 | 280 
165 | 215 
115 | 140 


Malleable iron ae Bs 90 95 | 135 | 


100 | 125 
45 | 
































i Cast bras: 
yang ale eg increase of the Set peat bi brass,cast Alumini- - | 
ag : 5 albk, Zine ¢ die pe a wrought Alu- fi 
Permissible pitch (Fig. 6) t = . > tminy mn. : ae ai te | 
where : 
pan og + saver i F. LENGTH OF BROACH ASSEMBLY 
A width a Batvaetore face. If Bs bia mating io is ogee over 
: : several broach sections, then the required overall length 
sities Spee SE eee tine B, baleen). of the broach Pains ‘or ae is 
mitting L=L,+ Pre —+A,— “fs . . . (see Figs. 3 and 4a.) 
feather 1 a, 


trans- 
‘erner). 


1 and 


————— 


tting 


z only 


pieces 
ining 
work 





























fe 15. Broach assembly with four sets of segments cutting 

adjacent = eee forming sharp edges. Adjustment by shims 
rted between segments and their support. 

a= oe, 3b6= epee: c = fastening screws; d = feather 

for location on broach slide; ¢ = keys transmitting lead from 

support to slide. (Design Hollerith). 


chy 


ra ae 




















Fig. 16. Carbide tipped broach for a special chain broaching 
machine. 
Segments for plane faces; 6 = segment for profiled surface ; 
oil grooves; d = broa ch sli i¢; e€ = sections through tips ; 
= section through root of tooth gap. (Design Ford)4,5. 
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where A,, etc. = total machining depth broached by 
segment 1, etc. 
t,, etc. = tooth pitch of broach segment 1, etc. 
a, etc. = rise per tooth of broach segment 1, 
etc. 
L; = length required for finishing and 
sizing segments. 


For normal, rigidly supported work pieces, L, is 
approximately equal to the machining length and 
includes 3 to 5 finishing teeth with 0:0004 inch rise 
per tooth. For insufficiently rigid work pieces, close 
tolerances, and high surface finish, L; is about twice 
the machining length and includes 3 to 5 finishing 
teeth plus 3 to 5 sizing teeth. For profile broaching 
and broaches which are not adjustable, L, is two to 
three times the machining tength and includes, in 
addition to the foregoing, 4 to 6 sizing teeth as reserves. 


G. NUMBER AND ARRANGEMENT OF CUTS. 
H 


L+l+15in 
= available machine stroke | 
L = required overall length of broach assemblies, 
1 = length of surface to be machined. 
15 inches are added for starting and running out 
of cuts and reversal of broach bars. 


MULTIPLE-CUT ARRANGEMENTS (Figs. 9 and 10). 

The single-broach arrangement with double in-feed 
of the work piece (Fig. 19) can be used on most broaching 
machines or hydraulic presses, but only if identical cuts 
can be taken for every in-feed position. This is usually 
possible for plane surfaces but not always for profiled 
faces or surfaces in different planes, in which case two 
or more broach bars can be arranged side by side and 
the work moved into the respective positions for 
broaching by hand, or by indexing the table. Accord- 
ing to the machine power available, broach bars may 
cut simultaneously, if work surfaces are narrow and 
long, or consecutively, if work surfaces are wide and 
short. An arrangement of two broach bars, however, 


,» where 





Number of strokes m = 
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Fig. 17. Clamping of narrow broach segments. 
a = broach segment; 6 = broach support; c = broach slide. 
(Design Forst). 
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Vig. 18. Adjustable broach assembly for profile broaching. 
Adjustment of width by shims inserted between adjacent 
segments ; adjustment of aatene by shims inserted between 
s its an Pp 
a = broach segments; 6 = broach support; c = 
(Design F. Werner). 





clamping bars. 


is not possible on most types of horizontal broaching 
machines, and hydraulic presses can usually only 
accommodate turntables or positioning jigs for very 
small work pieces. 


THE ARRANGEMENT OF BROACH SEGMENTS IN A BROACH 
ASSEMBLY. 


A one-piece assembly, or a bar having only one 
segment to machine all specified faces is generally the 
cheapest to produce, and takes up the least space on 
a machine. Facilities for re-adjusting the segment in 
the assembly lengthen the broach life. Subdividing 
the broach length into several segments allows for re- 

lacing single worn segments and also contributes to 
onger tool life. Subdividing the broaching width over 
several segments allows the teeth to be displaced with 
respect to each other so that the main cutting load is 
more uniform; side thrusts can be balanced by opposing 
side rakes. Profiled broaches should be subdivided for 
easier manufacture and re-grinding. The 










































































Plan view Side view 
Broach assembly with segments adjusted by taper 
wedges. 
a = broach segments; 56 = taper wedges; c = broach support; 
d = key transmitting load from segments to support; e = key 
transmitti from broach to slide; f = locating feather; 
g = adjusting screws. (Design F. Werner). 


Fig. 19. 


H. BROACH TOLERANCES AND MATERIALS. 


For adjustable broach segments, the allowance, after 
grinding, for the tooth height may be + 0:0008 or 
— 0°0004 inches provided the same allowance is given 
to all teeth in the segment. In special cases + 0002 
or — 0:002 inches may be permissible. The sizing 
teeth of non-adjustable and profile broaches should be 
ground to + 0°0001 to 0:0005 inches in excess of the 
nominal tooth height and finally lapped after several 
test pieces have been broached. 

The following tool steels are recommended: 





total length of any segment should not exceed 
6 to 14 inches because of distortion during 
heat treatment. 


Cc 


Tempered at 


Quenched from 
deg. C. deg. C. 








Plane surfaces and simple profiles can be 


ments arranged in series, whilst surfaces in 
different planes may have to be machined 


* gle? 
broached by one-piece broaches or by seg- : ile 
‘1 


bad 
| 


540 to 560 
570 — 


we - , 1230 to 1260 
< 2:5 ane 1120 


960 











by different segments arranged side by side. 
Possibilities for re-adjustment in the as- 
sembly are then important. Adjacent faces 
forming a sharp edge can only be broached 
by different segments mounted so that the 
teeth overlap. Irregular profiles usually 
require a subdivision into several segments. 
Broach assemblies with several segments can be used 
on all normal broaching machines or presses except 
that machines for internal broaching are not normally 
suited for an arrangement of wide bars with several 
segments side by side. Vertical surface broaching 
machines are usually not used to full capacity if one- 
piece broaches are used. 
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Steels (1) and (2) are used for work materials having an U.T.S. more than 57 ts, 
and steels (3) and (4) are used for work : J 
(2), (3), (4) should be quenched in oil or an air stream. Steel (1) is used where 
edges have to be kept exceptionally sharp, and Steels (3) and (4) resist distortion 
due to heat treatment. 


materials with a lower U.T.S. Steels 
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New Materials, Processes and Equipment 











STORAGE BATTERY METER 


This battery meter, manufactured by L. M. 
Ericsson Matinstrument Aktiebolag, Stockholm, meets 
the special demands imposed on Ah-meters for traction 
purposes, i.e. it withstands violent vibrations, can carry 
a heavy current, and has a low energy consumption. 


(a) mercury 
rotor. 

(6) shunt, 

(c) clamp for 
adjustment 
of meter, 


(d) clamp for 
setting the 
pointer. 


The meter consists of a mercury motor which is 
designed on the principle of a homopolar machine. 


/ A copper disk submerged in a bath of mercury rotates 


in a magnetic field. As the current passes through the 
magnetic field it imparts a rotary force to the disk. 
The main part of the current flows through the disk, 
only a eal part passing through the mereury, as the 
resistance of the disk is appreciably lower than that of 
the mercury. The speed of the motor is proportional 
to the current intensity, and the number of revolutions 
transmitted to a counter is proportional to the number 
of ampere-hours. For small current intensities, up to 10 
amperes, the whole of the current flows through the 
motor. For heavier currents, the greater part of the 
current flows through a shunt. 


SELF-TRUING MOTORIZED CRUSHING 
DEVICE 


A NEW self-truing motorized crushing device for form- 
ing cast iron “ crushtrue” rolls and ‘“‘ crushtruing ” 
gtinding wheels is announced by the Sheffield Corpora- 
tion of Dayton, Ohio. It is a self-contained, two- 
speed unit employing a carbide tool for dressing the 
form of a Meehanite or other close grained cast iron 
toll, which is then used to crush the grinding wheel 
all without removing the roll. The device is designed 
for mounting on the table of an 8-in x 24-in or larger 
Wet type surface grinder. However, a modified version 
can be made available for cylindrical grinding in some 
applications. 

In certain cases of simple shallow profiles it may be 
possible to form the blank roll directly with the carbide 
tool, Normally, however, it is recommended that the 
toll be rough formed on a lathe, then finished formed 
in the crushing device. As the roll becomes worn 
from repeated grinding wheel truings, the operator 
Simply shifts the clutch to low speeds and feeds the 
carbide tool slowly into the roll until the original form 
is fully restored. This is accomplished within three 
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to five minutes. One of the chief advantages of this 
new crushing device is that all elements of the form are 
held precisely during the grinding of quantities of parts. 
This is especially important in grinding thread-rolling 
dies, laminated sections, punch and die sections, or any 
flat or cylindrical work of irregular contour. 


UNIVERSAL POWER UNIT 


This Unit developed by Kinmont Manufacturing 
Co. Inc., Glendale, California, is a versatile power tool 
designed for the turning of any round, nearly round or 
hexagonal object requiring up to 400 pounds circum- 
ferential turning force at a surface speed of from 3 
to 26 inches per minute. It is especially adaptable as 
a positioner for welding, cutting, fitting, grinding, 


threading, painting, sandblasting and other similar 
operations. Weighing only 71 pounds, it is easily 
portable, and a foot switch accessory is available to 
permit remote control. The drive chain is provided 
with patented quick action connecting links for rapid 
lengthening of the chain to accommodate work of larger 
diameter. 
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A NEW A.F. AMPLIFIER TESTING 
INSTRUMENT 


To ensure the faultless service of amplifier installa- 
tions, it is essential to subject them to periodical service 
tests. It is particularly important to determine the 
amount of deterioration of valves, electrolytic con- 
densers and other components before an amplifier 
becomes unserviceable. An especially reliable method 
of detecting such deterioration consists in checking the 
distortion factor. Albiswerk Zurich A.G. in Switzer- 
land have developed for this purpose a suitable Audio- 


wh 


Frequency Amplifier Testing Instrument. It is mains- 
operated and can be connected either to a 110 or 
250 V, 50 cycles supply and is, in effect, a combination 
of the following four instruments. 
1 Valve Generator with a fre- 
quency of .. ie -- 1,000 c/s + 2 per cent 
1 Distortion Meter, with a 
range of .. et .. 0:2 to 20 per cent 
1 Measuring Amplifier (Valve 
Voltmeter) with an amplifi- 
cation range of .. .. —20to + 60db 
1 Audio-Frequency Voltmeter, 
with a range of .. 30 to 10,000 c/s 
With this instrument, the maintenance of amplifier 
installations can be carried out easily and the failure of 
amplifiers in service thereby eliminated. 


BATTERY-POWERED ROAD VEHICLE 


Lansing Bagnall Limited, of Isleworth, Middlesex, 
have developed a new electric traction circuit for general 
purpose vehicles in which no separate charging board 
is required. It is only necessary to plug into the 
nearest mains power point, and cutting-out when the 
battery is fully charged is done automatically. Powered 
by four 12-volt batteries, this vehicle can reach a speed 
of about 10 mph for a distance of 50 miles. 


A single accelerator pedal gives any desired speed; 
smooth starting is ensured; power is re-generated into 
the batteries when slowing down, stopping or going 
downhill. 
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OPTICAL DIVIDING HEAD 


In the optical dividing head manufactured by 
Société Optique et Précision de Levallois, Lavallois. 
Perret, France, a handwheel controls the rotatior: of the 
chuck by means of a worm reduction gear. A drum 
fixed concentrically on the chuck extension carries , 
scale marked off in degrees, and the scale and numerals 
are projected onto a matt screen. A knurled disk with 
30-second divisions controls the movement on the 
screen of two parallel lines. The measuring head and 
screen can slide at right angles to the chuck axis so that 
a certain point on the drum can be chosen as a datum 
line, the two parallel lines enclosing this datum line 


when the disk is adjusted to zero. The disk and the 
two parallel screen lines are then advanced until a 
position on the disk indicates the required new datum 
line, with an accuracy of about 10 seconds, and the 
drum and chuck are rotated by the handwheel until 
the required new datum line (i.e. the new marking on 
the drum) is again enclosed by the two parallel lines. 
The dividing head can be tilted on its base by means 
of another worm gear provided with a vernier scale 
and secured in position by set screws. 


SKIN TREATMENT FOR PLYWOOD 


Paper-plastic surfacing of plywood brings plywood 
three major improvements—increased tensile and 
flexural ——— a lower rate of moisture absorption, 
and an excellent surface for subsequent painting and 
finishing. In addition, it minimizes checking difficulties, 
resists temperature extremes, weather, abrasion, and 
is non-splintering. 

Tough and durable, this new structural material 
consists of special paper stocks impregnated with 
Bakelite phenolic resins. In the initial production 
stages of this material, Bakelite water-soluble phenolic 
resin is combined with paper to produce grades of plastic 
paper specifically designed for plastic-surfaced plywood. 
The plywood manufacturer then lays up the uncured 
paper stock with his glue spread veneer assembly between 
suitable metal cauls, and cures both the finished product 
and internal plywood glue bonds in a conventional 
plywood hot press. 

The paper-plastic surfacing plywood described above 
is known as “Kimpreg” and is produced by the 
Kimberly-Clark Corporation, Neenah, Wisconsin. 
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VICTOR ARIDIFIERS & WATER TRAPS 


The “ VICTOR ” Aridifier has no filters, metal gauge screens or other parts to 
change at frequent intervals. Maintenance costs are negligible. Contamina- 
tion in the air line is removed by centrifugal force through rapidly spinning 
rotors mounted on ball bearings and propelled by the compressed air with no 
appreciable back pressure. 

The “‘ VICTOR ” Water Trap of equally sound engineering design and 
construction has many applications in automatically draining low points in 
compressed air mains and receivers. 

A constantly increasing number of satisfied users attest to the effectiveness 
of both products. 


Compressed fix EGuiyament 


VICTOR PRODUCTS (WALLSEND) LTD. - ‘WALLSEND-ON-TYNE 
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HIGH SPEED VERTICAL MILLING MACHINE 


The Index Machine Company of Jackson, Michigan, 
announced their new Model 50 High Speed Vertical 
Milling Machine which is of exceptionally. rigid con- 
struction. A quick change full-geared table feed 
mechanism delivers power to the table through a splined 
feed shaft eliminating the key way of the lead screw, 
thus increasing the machine’s precision and sensitive 
operation. 

The Index Model 50 has a wide range of working 
capacity, being used for vertical and horizontal milling 
as well as boring and drilling. Table size is 8 in. x 34 
in. with three table speeds that can be varied indefinitely 
and twelve cutter speeds up to 2,400 rpm. Spindle 
downfeed and table feed are automatic. 


The newly developed Right Angle Milling Head 
accurately handles horizontal milling operations of every 
type including boring and drilling. The compact 
head unit makes the change-over from vertical to angle 
milling in a few seconds without disturbing work on the 
table. The unit can also be used as a cutting arbor 
or tool holder. 


A NEW QUARTZ FIBRE GAUGE 


_ A quartz fibre manometer for measuring pressures 
in the range of 0:001 mm — 1-0 mm in hydrogen has 
been developed by the General Electric Co., Ltd., 
as a means of measuring pressure in gas-filled devices 
during life-testing. The advantages of the gauge 
over other gauges covering the same range are that there 
is no clean up of the gas, nor is it decomposed or con- 
densed in any way. Further, the calibration of the 
-. remains unchanged after baking in vacuo at 500 


Tn 1923, J. E. Ryde of the G.E.C. Research Labora- 
tories developed a gauge in which a fibre having a 
tectangular cross-section was used in order to eliminate 
the tendency to compound vibrations exhibited by 
fibres or circular cross-section. A small magnetic 
bead was attached to the free end of the fibre, which 
could then be set vibrating with a magnet. 

The present model incorporates these features but 
has been made more robust by improving the formation 
of the magnetic bead and the fusing of the fibre to a 
tungsten support. The fibre is illuminated from the 
side and viewed through a telescope. When at rest, 
the fibre appears as a bright line of light which broadens 
into a band when the fibre is set vibrating. The width 
of this band is measured on a scale in the telescope 
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eyepiece and the time taken for this amplitude to de- 
crease to half its initial value is measured with a stop- 
watch. 

When the fibre is vibrating in a vacuum, the co- 
efficient of damping is a constant depending only on the 
inelasticity of the fibre. In the presence of a gas, 
additional damping occurs which, over a certain range 
of pressure, is proportional to the pressure and the 
square root of the molecular weight of the gas. The 
calibration curve for one gas can be used to derive the 
curve for any other gas or vapour whose viscosity co- 
efficient and molecular weight are known. This gauge 
has proved of immense value in the development of 
hydrogen-filled relay devices, and work is now in pro- 
gress to extend its application to other gases. 


ALL-METAL SLIDE RULE 


Climate-proof, plastic-covered magnesium-alloy re- 
places wood in the OrTHO-PHASE LoG Log Slide Rule 
announced by Pickett and Eckel, Inc., Alhambra, Cal- 
ifornia. This material affords six advantages not poss- 
ible in wooden rules before :— 

eeuiaiataaidasiias END view 


. Enduring Accuracy under all conditions through 
use of non-warping, all-metal construction. 
. Precision manufacture to 0°001 in tolerance. 
. Cursor Window kept away from scale surface by 
cursor “ centring-groove ”’ and spring channel. 
. Precision-made adjusting screws afford easy, 
accurate ‘‘ line-up ” of scales on body and slider. 
. Optical Groove “‘ centres ” slider and makes hair 
line settings easy. No stick, bind or wobble. 
. Non-fade scales unaffected by grease, oil, industrial 
handling or constant cleaning. 
The OrTHO-PHASE LoG Loc rule bears standard 
Log Log scales, is 12'/, in. x 1'/, in. x '/, in., and 
weighs 4 ounces. 
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SMALL SEMI-AIR DIE CASTING MACHINE 


A new production die casting machine has been 
announced by the H. L. Harvill Mfg. Co., Corona, 
California. Known as Model AHH-l, thi 
machine is a small production model with injection of 
the metal accomplished by air pressure through an 


immersed injection piston assembly, popularly known 
as the “ hot chamber” method. The machine casts 
zinc, lead and tin base alloys through a centre gate. 
Dies are opened and closed by hand, with ejection of 
the casting after solidification accomplished by the 
same manual method. The machine has §safety- 
interlock features, making it impossible to inject or 
“shoot? the molten metal into the die cavities unless 
and until the dies are locked in their closed position. 





This feature gives full protection to the operator 
against accidental spraying of molten metal. The 
essential dimensional and operating specifications are :— 
1. Normal die dimensions, vertical 

by horizontal .. a .. 6-in x 10-in 
2. Dimension between dies, open .. 5-in 
3, Max. die thickness—dies closed.. 6-in 
4, Die platen size—vertical + hori- 

zontal .. ea a .. 104-in x 10-in 
5. Clearance between 1 inch tie bars 64-in x 6-in 
6. Metal injection capacity, std. zinc 

alloy ae Py “ie .. 14 ounces 
7. Overall dimensions: Width . 1-ft 3-in 

Length .. 4-ft 4-in 
Height . 5-ft overall 

_ The machine is equipped with a gas burner unit, as 
illustrated, requiring 330,000 B.T.U. per hour maxi- 
mum, An oil burning unit may also be obtained. A 
volume of 8 cubic feet of air per minute is required to 
— the machine at its maximum rate of 500 cycles 
per hour. 


HYDRAULIC 4-WAY SELECTOR VALVE . 


_ A new series of hydraulic 4-way selector valves for 
industrial use is now in production at the Burbank, 
Calif. plant of Adel Precision Products Corp. It is 
designed for 1,000 psi pressures for control of one 
double acting cylinder, or two single acting cylinders. 

Spool-type construction permits a wide variety of 
porting arrangements for either open-centre or closed- 
centre hydraulic systems. 

An outstanding feature of the Adel selector valve is 
the completely hydraulic balanced spool, axially as well 
4 Tadially, so that there is no possibility of spool move- 
ment caused by surge pressures in the reservoir return line. 

arge diameter spool ensures maximum oil flow with 
‘minimum drop. The spool is precision-machined, hard- 
tned steel and the sleeve is heat-treated steel. A dirt-ex- 
cluding shaft seal keeps foreign materials from working in- 
(0 the valve mechanisms. To fit particular requirements 
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the standard Adel 4-way valves are available with 
spring-centred spring-offset or three position detent 
action. The valve is also equipped with interchangeable 
end caps to provide the placing of the operating lever 
at either end at any one of four radial positions. 


A NEW LOCKING NUT 

The “ SPINLOC” now marketed by Simmonds 
Aerocessories Ltd., Treforest, Glamorgan, is a free- 
running one-piece locking nut which acts more effective- 
ly than any plain nut and spring washer. It has a 
convex base and two slots are cut at an angle of 35 
deg. to the base. These slots extend across the convex 
base of the nut from a line on the surface situated 
between the thread and the corner of the hexagon, to a 
depth determined by reasons of strength and locking 
efficiency. When the ““SPINLOC” is threaded on to a 
bolt, normal tolerances allow it to be spun down the shank 
until the base of the nut meets the contact surface and 
is positioned for tightening with a spanner. In final 
tightening, the downward force presses the convex 
base of the nut against the flat contact surface in an 
endeavour to become flush with it over its whole area. 
In so doing, the two segments of the base contract, the 
slots close and the threads of the nut tightly grip the 
male threads of the bolt. 




















The resultant assembly will withstand severe vibra- 
tion and will compensate for bolt stretch or fatigue. It can 
be freed with little more than normal unscrewing torque. 
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_ Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
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- BEARINGS AND BEARING METALS 
Indium Plated Lead Bearings Withstand High 


‘Stresses : 
y J. ALBIN. (From Materials & Methods, U.S.A., 
ol. 27, No. 6, June, 1948, pp. 88-89, 3 illustrations.) 


Some of the characteristics of lead which make it suitable 
as a bearing metal are considerably improved by small 
additions of indium. Notably in aviation engines, 
the lead-indium plating of bearings has made possible 
longer periods between engine overhaul. The indium 
deposited and subsequently diffused into the underlying 
coat makes the bearing surface harder and tougher, as 
well as more resistant to the corrosion by the lubricant. 
In one novel application, described in this article, 
where bearing pressure went over 10,000 psi, sufficient 
to suspend lubrication entirely in an untreated bronze 
bearing, the use of lead-indium plating permitted 
satisfactory operation of the device. 


ELECTRIC TRANSFORMERS 


The Reconditioning of Oil Transformers 

By K. PAUSPERTL. (From Elektrotechnika, Hungary, 
Vol. 39, No. 11, November, 1947, and Vol. 40, No. 4, 
April, 1948, pp. 216-219 and p. 76, respectively.) 


Tue author describes the different methods of removing 
moisture from the windings and the oil of a transformer. 
Early methods consisted in heating the transformer, 
eg. through the windings, with the top cover open. 
This was harmful, especially when the oil was drained 
from the transformer, as the oil covering the surfaces of 
the windings, the core, and other. components became 
oxidised. Methods now in use start by heating the 
closed transformer. The object being to drive the 
moisture from the windings into the oil. The oil is 
then reconditioned. The most efficient treatment is 
to centrifuge and atomise the oil under vacuum, whereby 
moisture, impurities and occluded gases will be removed. 

In the second article the case of a 5000 kVA, 22/6kV 
transformer is described. This transformer was drained 
of oil (because of oil shortage) and so left for two years. 
It was then reconditioned as explained above. It 
failed under test, the cause being a sludge deposit of 
SiO, and Na,CO, on the windings, which had to be 
removed. The adhesive used in this transformer 
between the core laminations and insulating paper was 
water glass. It is thought that the CO, in the air 
reacted with the water glass and produced the sludge. 
During the process of reconditioning, this sludge was 
washed off the iron core and deposited on the windings. 


MACHINE SHOP PRACTICE 
Milling Cutters with Zinc Alloy Cast Body 


By A. B. FRENKEL. (From Stanki i Instrument, Russia, 
No. 2, 1948, p. 23, 2 illustrations.) 


It has been found more satisfactory and considerably 
cheaper to use a Zinc Alloy body for casting-in the 
cutters in place of the cast steel body normally used in 
other countries. The manufacture of these milling 
cutters is very much simpler. No machining or heat 
treatmer.t is necessary after the cutters have been cast 


into the body. The composition of the zinc alloy is 
48 follows :-— 
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4°75 per cent Al, 0°07 per cent Mg, 0°08 per cent 
Cu, 0°01 per cent Pb, 0°05 per cent Fe, remainder Zn. 
The melting point is 470-480° C, which is considerably 
lower than the annealing temperature of the high-speed 
steel cutters, namely 560-590° C. This has the effect 
that no annealing takes place when the cutters are cast 
into the alloy body. 

The body is die cast under pressure to accurate 
dimensions, and requires very little machining. The 
grinding of the cutters is done before they are cast in, 
and they each have two-holes 5 mm in diameter, which 
are filled by the alloy, thus serving to make a firm con- 
nection between the cutters and the body. 

To obtain correct positioning of the cutters, a ring 
is inserted so as to push the cutter outwards. 

further advantage of the zinc alloy body is that 
none of the valuable metal of the cutters need be wasted 
as scrap. When the cutters are worn down to the 
root, the whole assembly is inserted in a bath of molten 
zinc alloy and as soon as the body is melted, the cutters 
can be withdrawn. 


MARINE ENGINEERING 


Methods for Determining the Developed Blade 
Surface of Screw Propellers with Rake. 


By W. P. A. vAN LAMMEREN and J. A. VAN AKEN. (From 
De Ingenieur, Holland, Vol. 60, No. 13, pp. W.35- 
W.A1, 8 illustrations.) 





IN this article the authors point out that the approxi- 
mate method suggested by Holst and at present used 
for the determination of the developed blade surface 
requires a correction if raking of the blades is resorted 
to. Three methods available for the correct layout of 
the developed blade surface are described. Deviations 
from the old design are considerable, particularly in 
the case of screw propellers with large rake. These 
deviations do not, however, affect the relationship 
which exists between the developed and the projected 
blade surface. The corrections to be gg to Holst’s 
method in the case of aerofoil profiles, which were 
given on a previous occasion by the authors, are still 
valid; as is also the special correction which has to be 
made in view of the increased curvature of the blade 
section near the hub. 


METALLURGICAL ENGINEERING 


Photo-Electric Method of Determination of 
Aluminium in Steel 


By T. P. TEMIRENKO. (From Zavodskaya Laboratoria, 
Russia, Vol. 13, No. 5, 1947, pp. 621-623, 1 illustra- 
tion.) 


In the known methods of determination of aluminium 
in steel by weight, the separation of the aluminium 
from the steel and the other components of the system 
is carried out in an alkaline solution or is obtained by 
means of a mercury electrode. The colorimetric de- 
termination of aluminium makes use of the well-known 
aluminium reaction, which, however, is very sensitive 
to changes in the conditions of its application. Thus, 
the precise conditions of application of this reaction 
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Metallurgical Engineering—continued. 
—————— 


had to be established. This was done by using a 
photo-electric colorimeter of the Davydov type, a solu- 
tion of ammonical aluminates serving as the basis and 
the reaction being carried out in an aceto-acetic buffer 
solution. Th® intensity and stability of the colour as 
a function of the amount of aluminium and time of 
heating was studied. It was found that 1 millilitre of 
a 0'l per cent aluminon solution is sufficient for 50-ml 
of the colorimetric liquid, and that the formation of the 
compound requires only 5 minutes heating to 90° C. 
The colour remains stable for 10 minutes, and then 
commences to fade slowly. A No. 3 green filter was 
found to be most suitable, as its spectro-photometric 
characteristic shows a linear relation between extinction 
and concentration of up to 0°04-mgr Al content of the 
colorimetric volume. 

Analytical Method : 0:1-gr of steel is suspended in 
100-ml, and dissolved in 10-ml of H,SO, over a low 
flame. After dissolution and acidification with HNO,, 
the solution is neutralized with ammonia until the 
turgid iron deposit disappears, and then another 1-ml 
of H,SO, is added. Electrolysis is then carried 
out at a current density of 0°16 amp/cm? until the 
iron reaction becomes negative. After electrolysis for 
20-30 minutes, the liquid is drained into a glass vessel, 
the electrolyte and mercury being elutriated without 
interrupting the current. After filtration, two drops 
of methyl orange are added and neutralized with ammonia 
until the first change of colour is observed. The solu- 
tion is then transferred to a 250-ml flask, the full volume 
being made up with distilled water. An aliquot part 
is drawn off with a 10-ml pipette, transferred to a 
50-ml measuring flask, 25-ml of buffer solution and 
l-ml of aluminon then being added, and the whole 
shaken and heated to 90° C for 5-8 mins. The solution 
is quickly cooled, made up to the correct level with 
buffer solution and carefully mixed, and tested in the 
colorimeter, the depth of layer in the container being 
15-mm. 

The percentage content of aluminium is determined 
by the calibration curve. A control test on water 
acidified with H,SO, must be carried out parallel with 
the tests proper, the addition of methyl orange being 
followed by neutralization. This is necessary because 
the aluminon may change its colour after a certain time. 
The accuracy of the method is within + 4 per cent. 
The test takes about 60-70 mins. 


OPEN HEARTH FURNACE PRACTICE 


Device for Obtaining Samples of Slag at Varying 
Depths from Open Hearth Furnaces 


By M. Y. MEDSHIBOZHSKY. (From Zavodskaya Labora- 
toria, Russia, Vol. 14, No. 1, 1948, pp. 113-115, 1 
illustration.) 


THE usual method of testing the composition of slag 
by taking a sample with a ladle is not considered satis- 
factory, as the results obtained are only applicable to 
the level or depth at which the sample is extracted. 
It is well known, however, that the composition of 
slag varies with the level at which the sample is obtained. 
The device described in the article permits of obtaining 
several samples simultaneously at different levels in 
the open hearth furnace. 

It consists of several mild steel pans which are 
attached to a common spindle. The distance between 
pans can be varied by threading loose sleeves over the 
spindle between the pans. The whole structure is 
held together by the two end nuts and can be manipu- 
lated by means of a handle. The device is introduced 
into the hearth in a horizontal position and is then 
placed upright. To prevent the slag from entering 

pans near the top, these are covered with a thin 
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copper foil which subsequently melts with the heat of 
the slag, permitting the latter to fill the pans simultane- 
ously at different levels and to solidify. The device is 
withdrawn after 6 to 7 seconds—the time required to 
melt a copper foil of (0°25-mm thickness. During 
withdrawal, slag from the top level collects on top of the 
pans and this is consequently removed, leaving the 
pans filled to two-thirds of their depth. The pans 
can be easily removed and their number may be varied 
in accordance with the depth of slag in the hearth. 

Copper is selected for the foil because it is not 
easily subject to oxidization and, therefore, does not 
influence the composition of the slag samples. 

The device can be further improved by tying washers 
on copper wire above the pans. When the copper 
wire melts, the washers fall on top of the pans, thus 
re that the slag is only collected at the desired 
evels. 

Tests carried out with this device yielded remarkable 
results and proved that slag is not homogeneous through- 
out its depth. The variation of slag composition is 
found to follow certain laws; for instance, it is invariably 
found that the iron oxide (Fe,O;) content of slag drops 
from top to bottom, whereas the content of FeO in- 
creases as the depth increases. 


ROLLING MILL PRACTICE 


Graphic Roll Pass Designing 

By J. WALLQUIST. (From Jernkontorets Annaler, 
Sweden, Vol. 132, No. 2, February, 1948, pp. 27-41, 
14 illustrations.) 


In roll pass designing the calculations can be based 
upon certain linear dimensions of the different roll 
passes instead of area relations. Starting from a cer- 
tain dimension, which as a rule is one of the main 
dimensions of the finished section, and the requisite 
angles of the passes, the pass dimensions are calculated 
with the aid of diagrams, based on experience and 
taking different rolling conditions into account. 

The paper presents the author’s graphic roll pass 
designing method as applied to some very common 
types of rolling, i.e., rolling of billets in diamond passes, 
and guide rolling of round bars with alternate square 
and round passes in the strand rolls. The designing 
of series for the rolling of square, hexagonal, octagonal 
and other simple sections is also described in principle. 

In connection with information on the designing 
of roll passes for other than round sections, graphic 
designing by the comparative and logarithmic methods 
is also mentioned. 





WELDING 


Automatic Welding with a Three-Phase Arc 


By G. P. MIcHajLov. (From Avtogennoe Delo, Russia, 
1948, No. 3, pp. 18-21, 13 illustrations.) 


WELDING experiments with a three-phase arc are 
described. Arcs are struck between the individual 
electrodes themselves and between the electrodes and the 
welded base material. By regulating the current of the 
individual electrodes and adjusting their relative posi- 
tions, the arcs can be adjusted to create optimum 
welding conditions. Burning of the arcs can be ad- 
justed to take place mainly between the electrodes and 
the base material, in order to obtain deep penetration, 
or, alternatively, the burning of the arcs can be adjusted 
to take place mainly between the electrodes themselves, 
with the result that less of the base material is melted 
and more weld material is deposited from the electrodes. 
Current supply is effected through three or two trans- 
formers and chokes. The regulation of the heat supply 
makes it possible to weld various thicknesses of special 
steel and non-ferrous sheet. Mechanical, chemical 
and metallurgical tests have shown the quality of the 
welds obtained to be very good, 
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THE MACHINE TOOL AND 
EXHIBITION 


Tue Machine Tool and Engineering Exhibition, the 
first Machine Tool Exhibition to be held in London 
since 1934, will exceed in size and in the quality of the 
exhibits anything that preceded it. The Opening 
ceremony will take place at 2.30 p.nt. on August 26th. 
The Exhibition will be open on weekdays until Septem- 
ber 11, from 10.30 a.m. to 6.30 p.m. Many of the out- 
standing exhibits are described in our last month’s issue 
We are continuing here in reviewing further exhibits of 
special interest. 


THE CHURCHILL MACHINE TOOL CO., LTD. 
will be showing 11 machines of various types. 

Roll Grinding Machine Model D, with a capacity 
of 20 in. in diameter, will be in operation grinding a 
cambered roll. The machine is capable of grinding 
all types of parallel or cambered rolls up to the maximum 
diameter of 20 in. and up to a maximum weight of 
8,500 Ibs. It will be fitted with the standard patent 
cambering mechanism, hydrauto wheelhead bearings 
and automatic lubrication to the table ways. 4 work 
speeds and 16 table traverse speeds are provided by 
standard type of table traverse gearing. A variable 
speed wheelhead will be controlled electronically from 
a special electrical control panel. 

No. 2 Centreless Grinding Machine Model 
EC, will be in operation on the grinding of bars of 
various lengths and diameters. The machine is capable 
of grinding cylindrical work up to 6 in. diameter and 
can be provided with fixtures for the grinding of profile 
and taper work by hand operation or by the new auto- 
matic “* Auto-Action ”? mechanism. 

Model DCY is the new high production Crankpin 
Grinding Machine. Its capacity is designed to accom- 
modate crankshafts of a maximum length of 36 in. and 
a maximum swing of 14.” All mechanisms are en- 
closed in a specially designed apron fitted to the front 
of the body and it is possible to run the machine without 
the cover plates. This construction allows for easy 
servicing and gives the maximum possible accessibility 
to all working parts. The wheelhead is fitted with 
quick hydraulic and diminishing feed movement. All 
motions are interlocked and a spacing arrangement is 
fitted to the table for the accurate positioning of the 
wheelhead relative to the Crankpins. A central auto- 
matic steady is provided which advances and re-tracts 
from the work simultaneously with the movement of 
the wheelhead. The interlocking arrangements are 
designed so that the wheelhead can only come forward 
to the grinding position when the wheel is directly 
Opposite the pin to be ground. Special provision is 
made to modify the interlocking arrangement to allow 


fi 


Fig. 1 
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of a slow traverse speed 
of the table for wheel tru- 
ing. Automatic electrical 
clamping prevents any 
work rotation until the 
crank is securely clamped 
in the throw blocks. The 
heads are driven by a 
common shaft drive en- 
suring synchronization of 
both heads. Adequate ba- 
lancing arrangements are 
provided with a_ visual 
indication by balancing 
meter. 

Model BW, a new 10 
in. <X 36 in. Plain Grind- 
ing Machine is of entirely 
new design with all the con- 
trol gear centralized and enclosed in a large apron fitted to 
the front of the body. (Fig. 1). Itis specially designed 
so that the front panel carries all the wheel feed and table 
mechanisms and is completely accessible for the purpose 
of servicing the machine. The workhead is fitted with 
Ward Leonard Control and with the addition of a 2 
speed change pulley drive, 2 speed ranges are obtained. 
Speeds are 20-120 RPM and 50-300 RPM. 

Hydraulic forward and return wheel head traverse 
with diminishing feed on the forward movement is 
fitted and this well tried and proved arrangement is 
now coupled’ to an electrically controlled ‘‘ Automike ” 
Sizing Gauge. This gives visual sizing at all stages 
of grinding and an automatic wheelhead return when 
pre-determined size is reached. 

In addition, six more grinding machines will be 
exhibited, and it is hoped to show also the parts of an 
“‘ Hydrauto ” wheelhead, a } in. scale Model of the 
HBB Internal Grinder and a highly finished roll to 
show the high finish obtained on Roll Grinding 
Machines. The roll will be one loaned by Hadfields 
Ltd., Sheffield. ea 


A. C. WICKMAN LTD. will demonstrate their Multi- 
Spindle Camless Automatics (Fig. 2) producing small 
batches at mass production rates. 
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Avoiding the use of cams, and the expensive and 
usually protracted setting-up time, the machines assist 
to cut costs and increase production on small batches. 
On either long or short runs these machines have attained 
production figures previously thought impossible. 

The machines are easily and quickly set-up, simple 
adjustments taking the place of the usual cam changing 
operations. The operation of the tool slides is per- 
formed by a patented quadrant linkage mechanism and 
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acamshaft carrying standard cams. A calibrated sliding 
block fitted to the face of each quadrant is adjusted to ob- 
tain any particular length of feed. The feed strokes, dead 
stops and spindle speeds can actually be set in 15 minutes. 

Five work spindle stations are provided and four 
cross-slides with individual working strokes are situated 
at Stations No. 1 to 4 and are used to carry the form 
tools. On the bar machines an independent cut-off 
slide for the parting-off is fitted at the station, but 
on the chucking machines this is omitted to leave a 
clear space for loading and unloading. The five high 
tensile steel spindles are operated by adjustable multi- 
plate type clutches. An accelerated four slot Geneva 
motion designed to produce easy indexing by power or 
handwinding results in a rapid shock-free action. 

The wide range of speeds and feeds offered by the 

arrangements allows the selection of the most 
eficient speed and feed for each component. The 
larger machines have sliding gears giving 18 speeds for 
each spindle speed and the smaller machines combine 
a pair of pick-off gears with a Norton type box to pro- 
vide 24 feeds for each spindle speed. The speed range 
with each feed is covered in 24 steps. 

Various attachments available are High Speed Drill- 
ing; Revolving Diehead Screwing and full screwing ; Full 
screwing with Friction Clutches ; Thread Chasing, Indé- 
pendent Reaming, Flat Generating and Thread Rolling. 

Several of these machines will be seen at the Exhibi- 
tion using these and other attachments. The 1°/, in 
Bar Machine is producing long spindles, some of them 
over 15 in in length, with four or five turned diameters 
and a formed groove. The normal bar feed of 10 in 
isincreased by the fitting of a special bar feed mechanism. 
Another limiting factor, the maximum turned length, 
normally 5 in on the 1°/, in machine, is overcome by 
fitting an accelerator attachment in the fourth position 
where the longest turn is made. Roller-steadies are 
used on both longitudinal and cross slides and the 
components produced are accurate to one thousandth 
of an inch in diameter and concentricity. 

A 7/, in Bar Machine is set up and producing a 
bronze water tap spindle and a Flat Generator Attach- 
ment cuts a square head on the component. Using a 
Thread Rolling Attachment a 1°/, in Bar Machine 
demonstrates the production of a component with a 
‘/,in B.S.F. thread behind the shoulder. 

A 5 in Chucking Machine is tooled to produce a 
Brass Gland Nut from a casting. The hexagon at 
the rear of the flange being cut by a Flat Generating 
Attachment (Fig. 3). 


Fig. 3 

A Swarf Conveyor will be available for the latest 
type of Wickman Multi-Spindle Automatics. This is 
of simple design and operates independently of the 
main mechanism. The conveyor is constructed from 
steel slats secured on two endless chains made from 
cast steel links. The chains rotate on sprockets fastened 
‘o either end of a shaft. A fractional horse power 
motor is connected, through a reduction gear unit and 
achain, to this shaft, which revolves at a constant speed. 
Swarf falling from the work point is gathered by the 
steel slats and conveyed to a receptacle or direct into 
ashop disposal unit at the stock carriage or spindle 
end of the machine. The motor is controlled by a 
totary switch located in the push button compartment. 
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Machine Tools shown on the stand of A. C. Wick- 
man Ltd. will include Grinding and Lapping machines 
of completely new design; a new Hauser Jig Boring 
and Jig Grinding machine; the No. 6 Ryder Six- 
Spindle Automatic and the Ryder Piston Ring machine. 


* 

GEORGE SWIFT & SONS LTD. will exhibit five 
machines, amongst them the Special Tool Testing 
Lathe here illustrated. It has been specially designed 
for the triple purpose of the testing of various types of 
tools, for determining the machinability index of 
metals, and for investigating the properties of various 
coolants on a wide variety of metals. 

The driving motor of 30/60 H.P. is mounted co- 
axially with the spindle so that for the higher speed 
ranges all gearing is eliminated, the motor driving the 
spindle direct through flexible coupling. In addition 
4 gear ratios are provided so that a continuous range of 
speeds from 17 to 1500 rpm can be obtained (and up 
to 2,000 rpm if required). All the gearing is hardened 


and profile ground, sliding gears move on ground multi 
splined shafts, which run in ball or roller bearings, and 
the spindle itself is mounted in a special arrangement 
of precision anti-friction bearings. Drysump lubrica- 
tion is employed, the one pump circulating oil through 
both headstock and feed box. 

A dual range of feeds is provided, 9 fine feeds range 
from 80-1120 cpi and 9 coarse feeds from 10-140 cpi. 
The coarse feed range is interlocked with the highest 
speeds on the headstock so that the two cannot be 
engaged together. 

The saddle, of robust design, has sliding and sur- 
facing motions controlled by a single lever. Quick 
power traverse through a separate motor is also pro- 
vided, controlled by conveniently placed push buttons. 
Compound slides are not fitted, so as to reduce the 
number of mating faces with the consequent improve- 
ment in rigidity. 

The tailstock is particularly robust, having a long 
base which fits on the bed, with a large diameter shoot 
of 7 in diameter. A running centre capable of carrying 
large loads is built into the loose headstock shoot. In 
order to accommodate any slight expansion which may 
take place on a specimen being tested, the loose headstock 
shoot is heavily spring loaded over a limited distance. 

The bed rests on the ground the full length, having 
independent raised vee guides for saddle and loose head- 
stock and having chip chutes out to the rear for the 
quick disposal of cuttings. 

The electrical equipment for this machine is entirely 
special. The main motor is a D.C. machine, and is 
supplied with current from A.C. mains through a 
mercury arc bulb rectifier. By means of grid control 
the motor can run at any speed from 600 to 1,500 rpm 
and gives over this range a constant torque. If on 
occasion a higher speed is required, then the motor 
can run up to 2,000 rpm by means of shunt control, 
and over the range from 1,500 to 2,000 rpm constant 
horse power is available. The mercury bulb rectifier 
has a long life, having a durability equal to that of the 
motor itself. The motor can be run up to any pre- 
determined speed, and this speed is constant between 
no load and full load extremes. 

The control is by push buttons, giving ‘ start,’ 
‘ stop,’ ‘ reverse’ and ‘inch’ and the rheostat for the 
grid control is built into the saddle and is operated by 
a small knob within easy reach of the operator. 
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WEATHERLEY OILGEAR LTD.’s activities include 
the manufacture of Broaching, Plastic and Sheet Metal 
machinery and allied equipment. 

The XM 30 xX 48 Cyclematic Broaching Machine 
(Fig. 1) represents the latest practice in broaching mac- 
hine design. Apart from loading, it is fully automatic. 
Simultaneous operation on a number of components 
is made possible by the arrangement of cyclematic 
machines to carry varying numbers of broaches. 


It is hoped that the 200 Ton Double Acting Hymulti 
Press (Fig. 2) will also be exhibited. An exclusive 
feature of this press is the independent four point 
pressure blankholder. Operated by four hydraulic 
cylinders disposed around the main ram, this enables 
independent pre-set pressure to be maintained at any 
corner of the blankholders, resulting in less rejects and 
considerable saving in tool costs. Ample die space 
and platen area are important design features of the 
press. Specially designed guides, featuring hardened 
and ground nitralloy ways are accurately fitted and 
adjusted to ensure years of trouble free service. 


Exhibits of the Plastic Division will include a com- 
prehensive range of Injection and Compression Mould- 
ing Machines covering five sizes of Injection Moulders, 
from 4 to 50 ozs., and four sizes of Compression 
Moulders up to 200 tons. 


The 200 Ton Compression Moulder exhibited is one of 
anumber built for Hoover Limited of Perivale. It is 
of all steel welded frame construction with Oil Gear 
Power Unit. Accurate temperature regulation is by a 
2-zone potentiometric type controller. The control 
system caters for automatic cycle operation and includes 
automatic mould breathing. Interlocks are fitted on 
the operating guard and ejector mechanism to safeguard 
both machine and operator. 


Fig. 1 
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Fig. 2 


TAYLOR, TAYLOR & HOBSON LTD. will show 
amongst their exhibits a variety of new equipment of 
latest design. An interesting development is the 
Chasing Lathe for second operation work dealing with 
parts which had been cut from the bar or tube, or 
within individual castings. 

The “ Talymin” Roundness Recording Instrument 
(Fig. 3) is designed for measuring and recording out-of- 
roundness of any cylindrical component. Errors are 
recorded during one revolution of the work on a graph 
recording unit, at magnifications of 10,000 or 2,000. 

The new Taylor-Hobson “ Genoptic ”’ Profile Grinding 
Machine (Fig. 4) will be shown for the first time. By 
combining the advantages of mechanical generation 
and copying by optical projection, the machine pro- 











vides new, more accurate and quicker ways of form 
grinding then have in the past been possible. The 
machine may be used also for grinding the teeth of 
pinions within its capacity and for gear shaping cutters. 


* 


THE DAVID BROWN MACHINE TOOLS LTD. 
will show, in addition to the well-known range of moving 
table hobbing machines including the new stream- 
lined 15 in. machine, for the first time the David Brown 
S25 Gear Shaving Machine (Fig. 5). Its modern lines 
have set up a new standard of accessibility to the 
change gears, for their total enclosure has been effected 
in such a manner that the machine can be very easily 
cleaned in spite of the fact that the change gears are 
automatically lubricated. 


The gear shaver corrects spur and helical gears{to pre- 
cision limits of accuracy of tooth profile, tooth spacing 
and helix angle, by the shaving process. This method 
has been used for many years for turbine gearing, and 
now because of the demand for greater accuracy in 
smaller gears such as gearbox gears, etc., a range of 
machines covering all sizes of gears up to 25 in. diameter 
has been developed. 


The machine embodies many valuable and exclusive 
features which long experience of the shaving process 
has shown to be desirable. 













ERNEST TURNER & CO. (SALFORD) LTD. 


“Parex" Works, West Burton Street, Salford, 5. Tel. Tra. Park 1381, 
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When planning independence from grid power cuts you can 
compress your power-house floor space requirements very 
considerably by making use of CROSSLEY’S exceptionally 
high ratio of horsepower per square foot. 

THE CROSSLEY DIESEL illustrated incorporates Exhaust 
Pulse Pressure Charging. 

Crossley engine types for various applications range 
from 10 to 3000 B.H.P. 


CROSSLEY 
DIESEL ENGINES 


SLEY BROTHERS LTD 





CRO OPENSHAW- MANCHESTER ! 


bendon Office: Langham House, 308 Regent Street, W.! 


THE ENGINEERS’ DIGEST 
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J\| NEWS OF THE MONTH 








PERSONAL 

Mr. W. E. Miller, Editor of “‘ The Wireless and Electrical 
Trader ” and author of several books, has been elected vice-president 
of the British Institution of Radio Engineers. 

Mr. D. E. Dobson, of “‘ Thalatta,” Hannafore, Looe, Cornwall, 
has been appointed assistant engineer in the Public Works Depart- 
ment, Northern Rhodesia. ; 

Mr. Edwin Greenwood, of 37 St. John Street, Rastrick, 
Brighouse, Yorkshire, has been appointed assistant mechanical 
engineer in the Public Works Department, Tanganyika. : 

Mr. J. P. Barron, of 10 Liverpool Road, Pentwortham Hill, 
been appointed executive engineer in the Public Works 
Department, Fiji. : 

Mr. A. J. S. Blanchfield, B.Sc., of Lamorbey Cottage, Redhill 
Drive, Brighton, has been appointed assistant engineer, Tanganyika 

ilways. 

Pia ster-General A. W. Sproull, C.B., C.B.E., F.C.G.L, 
B.Sc. (Eng.), M.I.Mech.E., has been elected director of British 
Photographic Industries Ltd., Fulbourne Road, London, E.17. 

Mr. T. S. Pick, B.Sc. (Eng.), M.LE.E., has been appointed 
electrical engineer in the department of the Chief Engineer, London 
Transport ecutive, 55 Broadway, London, S.W.1. Mr. Pi 
will be responsible to the Chief Engineer for the whole of the 
electrical generation and distribution systems of London Transport. 

Mr. G. R. White has been appointed managing director, and 
Mr, C. C. aay 4 has been appointed director and general manager 
of Duple Motor Bodies Ltd., Edgware Road, London, N.W.9. 

Mr. K. Bedward, M.I.Mar.E., has been appointed works 
superintendent and chief engineer at the College of Technology, 
Manchester. 

Mr. K. J. McKillop has been appointed director of the Water 
Tube Boiler Makers’ Association, 14 Old Square, Lincoln’s Inn, 


London, W.C.2. 
Mr. R. B. Deeley has been appointed director of Lightalloys 
Ltd., Willesden, London, N.W.10. ; 

Mr. John Houston, M.I.Mar.E., has been appointed develop- 
ment engineer of Venesta Ltd., Silvertown, London, E.16. 





Classified Advertisements. 


Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


SITUATIONS VACANT 
VALVE ENGINEER required to take technical control of pro- 
duction and development work on quantity production of vacuum 
tubes for one of the leading in this country. The qualifica- 
tions required are an Honours degree or its equivalent with con- 





ENGINEERS VIEWS ON THE ANGLO-AMERICAN 
PRODUCTION COUNCIL 
THE following stat on the proposed Anglo-American Council 
on British Industrial Production was issued to-day from the Central 
Office of the Engineering Industries Association, which represents 
the views of 3,500 Engineering firms in Great Britain. 

“‘ When Sir Stafford Cripps announced the news of the proposed 
Anglo-American Advisory Council this Association set out to obtain 
the views of Engineering Executives throughout Great Britain. 

“From the consensus of opinion which we have received it is 
clear that the view of the British Engineering Industry is that the 
proposed Council will be waste of time, money, and effort unless, 
and only unless, British Industry is freed from the host of restrictions 
which now encompass it. 

“ The present shortage of materials, unnecessary controls, and 
certain restrictions on labour are the principal reasons for the 
holding in check of British production. 

“ Even if the Americans teach us anything of use, we shall be in 
No position to implement this as long as present conditions prevail. 

** British industry is already well in touch with American 
methods. ¢ main reason for the disparity between them is the 
gap between the amount of plant and equipment available for their 
respective industries. 

“‘ The British manufacturer cannot hope to compete unless he 
can plough back profits so that he can renew and extend his plant. 

** More inquiries will do no good unless the Government is 
prepared to help British industry to re-equip itself by reducing 
taxation on undistributed profits. 

“It is to be hoped that our export trade will not be further 
handicapped through other countries gaining the impression that 
we have had to call in American help to improve our production 


me 

** Nevertheless, good can come from this proposed Council if 
the Government learns through it that the most serious threat to 
our production is that of unnecessary controls; if we exchange 
ideas with the Americans on equal terms, and if our people learn 
that the real answer to increased production is hard work with 
adequate reward.” : 






































siderable experience in both development and production problem 

in vacuum tube manufacture, including cathode ray tubes. Appli- 
cants should be about 30 to 35 years old and possess the personality 
and drive required for the effective control of personnel as well as 
the ability to handle technical problems. Salary would be deter- 
mined according to age and experience.—Write fully to Box N 24, 
clo “ The Engineers’ Digest,” 120 Wigmore Street, London, W.1. 


WORK WANTED 


URGENT PRIORITY CORTR OS Se teens, old estab- 
lished Foundry has small part of its capacity immediately available 
for British engineering firms ing for export or other high pri- 
orities. Precision aluminium gravity die castings ; zinc pressure 
die castings.—Write or ’phone Thos. Ashwo; & Co., Ltd. 
(Dept. A/16/8), Vulcan Works, Burnley, Lancs. (Burnley 3505). 


MACHINERY, ETC., FOR SALE 


MOISTURE TEST—3 MINUTES! Exact percentage of 
moisture in foundry sand determined in three minutes by “ Speedy ” 
Moisture Tester. Portable; non-electric; simple for use by 
d labour; inexpensive. Over 3,000 in use in Foundries 
and many other industries.—Write for fully descriptive illustrated 
Brochure to Thos. Ashworth & Co., Ltd. (Dept. ED/4), Burnley, 
Agencies open. 
WE HAVE LARGE STOCKS of Electrical Conduit and Fittings 
aailable for immediate disposal.—Box No. 83, “ The Engineers’ 
Digest,” 120 Wigmore Street, London, W.1. 


ALUMINIUM AND ALUMINIUM ALLOY SHEETS, 10-30g., 
also bars, tubes, and sections ; brass ouip and rods; copper sheet 
and =. Immediate ae | from stock.—Almex Ltd., Imperial 
Works, Watery Lane, B’ham, 9. 

NISSEN TYPE HUTS, ex-Government stock, 36 ft. by 16ft., 
£70 and £80; 24 ft. by 16 ft., £56 and £45. Other buildings also 
available. Write for details—Dept. 50, Universal Supplies 
(Belvedere) Ltd., Crabtree Manorway, Belvedere, Kent. Tele- 
phone; ERITH 2948, 
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BRAILEY ELECTROPLATERS LTD. 


CHAPEL STREET - SALFORD 3, LANCS. 
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RAWSTHORNES (Bolton) LTD 
BOLTON 


We Are Moving! 


Shortly we shall be moving 
to larger premises to bring 
under one roof our BOILER 
& PIPE COVERING DEPT. 
and our 
FELT WASHER & PACKING 
DEPARTMENT. 


TO :— 


BULLOCK STREET WORKS 
BOLTON, Lancs. 
Telephone 1143 





INSTANTLY INTERCHANGEABLE 
Toot up with 


‘\ 


& 


interchangeable 
Sockets, Handles 
and Parts. 


JENKS BROTHERS 
LIMITED 


BRITOOL K BUSHBURY 


WOLVERHAMPTON 


for all purposes. 





MACHINERY 
BELTING 
FASTENERS 


Made from tough steel and scientifically designed for con- 
tinuous hard service to ensure long, smooth running. 
Also‘BAT’ CARDED BELT HOOKS for light, fast drives. 
Sold by Mil! Furnishers and Hardwaremen everywhere. 
Send for samples and prices to the Sole Manufacturers: 
AUTOMAT'C PRESSINGS LTD. Blackheath, Birmingham. 


*Phone: Blackheath 104i. 





We proudly announce 


The “RAPIER” Ic.c. 


DIESEL ENGINE 


FOR 
VERTICAL OR INVERTED RUNNING 


Weight 4 ozs. 7,000 RPM with 

10” Airscrew. Will Power Model 

Aircraft up to 5 ft. span, also 

suitable for Model Race Cars and 
Speed Boats. 





NOT A TOY, BUT A MASTERPIECE 
OF PRECISION ENGINEERING. 





£4 19s. 6d. complete. 
Delivery Approximately 4 to 6 Weeks. 





The WARWICK LIGHT ENGINEERING 
| LYON STREET, PIN MILL BROW, ARDWICK, 
MANCHESTER. 


THE ENGINEERS’ DIGEST 





